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PREFACE 


This book is written to assist beginners in laying an intelligent 
foundation for the study and practice of machine shop work. ‘The course 
has been carefully thought out after many years of practical experience 
ets boys and men, and is planned to help beginners whether young or 
old. 


The work is arranged on a unit plan, and each lesson has a definite 
objective which when attained will ease the way for the next step. The 
same subject matter is sometimes treated several times, but each time 
in a more advanced manner according to the increased understanding of 
the student. Difficult problems are only difficult because the student 
does not approach the problem in easy stages, and it is the object of this 
book to provide those stages. 


The lessons are presented in the form of diagrams on the right hand 
page and the explanation on the left hand page, so that there is always 
a close connection between the two. The objectives of the lessons are 
concrete, that is, some specific job or tool is dealt with in a practical way, 
at first in a simple manner and later in a more difficult form. At the 
conclusion of each section is a list of questions which should be used to 
test whether the work has. been properly understood. Time is well spent 
in making such a check. Sometimes apparent things are quickly for- 
gotten, and in practical work the need for a quick and accurate solution 
is imperative. 


The work presented here has been proved at first hand from practical - 
experience, and nothing has been taken for granted. A Glossary is 
provided at the end of the book explaining simply the meaning of the 
technical terms used. 


Practical problems are important, as financial loss occurs when 
mistakes are made; but sound intelligence and common sense sometimes 
prevent mistakes when the application of formulas and rules not properly 
understood have failed. This course of lessons, if faithfully carried out 
by the student, will develop intelligence and common sense. If a solution 
to a problem appeals to one’s reason as being right, it usually is right. 


If practical application is made of these lessons, the author is 
confident that the student will benefit thereby and become a useful and 
intelligent worker. 

HARRY A. JONES. 


Vancouver, October, 1926. 
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6 MACHINE SHOP PRACTICE 


BENCHWORK 


LAYING OUT. 


Laying out is a process of putting lines on metal, first temporary 
and then permanent to give guidance to the shaping or removal of 
metal. 

It is obvious that if the lines laid out are incorrect then the work 
produced will be incorrect, which will mean loss of time and material. 

It is well then to lay out work carefully, checking often from the 
measurements and instructions as given on the working drawings. 


Marking the metal. Some metals may be bright and some covered 
with a black scale called “Iron oxide”. Some may be smooth and some 
rough, so that it is necessary before marking to cover metal with a suitable 
substance in order that the scribed lines may be seen. 


For bright metals use a solution of Copper Sulphate. 


For dull surfaces use ordinary chalk or a solution of whiting put on 
with a brush and dried over a stove. 


Diagram (1) shows a piece of metal:laid out after two adjacent 
edges have been squared or made at right angles to each other. The 
scribed line is a temporary line and would be rubbed off unless it were 
made permanent by a series of indentations made by the point of a 
centre punch. Diagram (2) shows the work after the material has been 
cut to the line, showing one-half of the original centre dots. If the work 
has to be finely finished the marks are kept touching the waste side of the 
line, so that they would just be removed when the work is cut to size. 


Use of scriber. The scriber, having a very fine point, will produce 
fine lines. The point should therefore be held close up to the rule, 
as shown in diagram (3). If held in a different manner, too much 
freedom would be allowed the point, and a straight line might not be 
produced. 


Use of centre punch. The point of the centre punch should be 
placed accurately on the mark, and held vertical, as in diagram (5), 
when struck by the hammer. If it is not vertical, the result will be that 
the conical indentation will be made off the mark, as shown in dia- 
gram (4). ; 


To lay out a hole for drilling. It is necessary when locating a hole 
to be drilled to take two measurements as shown in diagram (6) and 
mark 4 points on the circle, so that when the hole is drilled it can be seen 
whether it was drilled in its true location as shown in diagram (7). If 
this were not done and the scribed lines were rubbed off there would be 
no check as to whether the true location of the hole had been obtained. 
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MACHINE SHOP PRACTICE 


(0 a) 


MEASURING FROM THE RULE. 


The steel rule or “scale”? is the most common and most used tool of 
any in the machine shop and it should be the aim of every beginner to 
obtain a good 6” steel rule graduated in 8th, 16th, 32nd and 64ths. The 
rule is a precision tool and should be well taken care of as measurements 
are never any more accurate than the rule from which they are taken. 


Kinds of rules. Rules are made “spring tempered”, “flexible” and 
of various lengths and widths. A rule that is graduated on the end is 
sometimes very convenient for measuring small dimensions in narrow 
places. The graduation lines are made of different lengths, 64ths being 
the shortest and the 1” lines the longest to save time in reading the 
measurements. 


Reading a “‘scale’’ measurement. 

First—read number of inches. 
Second—number of halves, quarters or eighths. 
Third—number of 82nds or 64ths. 


Simple method of reading odd sizes: 

Examples: 
(2% 6=2%2+ 6) (1336 4”—=114"+ %4”) 
(2155 Oe” — 0") (1296 4” = 14" — a") 


It is common to hear such expressions as “one sixty-fourth under 
one half inch” or 440” over 34”. 

Never speak of four sixteenths, (44¢) but always reduce the fraction 
’ to its lowest terms such as 14. ; 


Taking measurements from arule. If measurements are taken from 
a rule that is thick errors are likely to occur if used incorrectly as in 
diagram (1). If the eye of the person using the rule is at right angles 
to the rule as at “A” and “B” when marking the work correct results will 
be obtained, but if the eye were at “C” or “D” an error would result as 
illustrated in diagram (1). It is best therefore to place the rule on its 
edge and mark the work directly from the graduations on to the work 
as shown at “KE” and “F” in diagram (2). 


Setting surface gauge from the rule. Diagram (3) shows the correct 
method of taking measurements from a rule with a surface gauge. An 
angle plate holds the rule upright, so that the measurement taken from 
the rule will be true. The rule must be set vertically, or the reading will 
be wrong. 


Taking measurements from a rule with calipers. Place index finger 
under end of rule to keep leg of calipers from slipping. 

Diagram 4 shows the simplest method of setting calipers correctly 
from the rule with the least possibility of error. When setting inside 
calipers stand the rule vertically on some flat surface as shown in 
diagram (5). This will ensure a quick, accurate setting of the caliper 
when working from rule measurements. 
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Accuracy of the rule. While the rule itself is accurate to a fine 
degree it is impossible to obtain a great degree of accuracy from its use, 
because it depends entirely upon the fine observations of the user. For 

‘this reason the vernier caliper and micrometer have been Jeveloped to 
guarantee mechanical accuracy to 1/1,000 and 1/10,000 part of an inch. 
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CUTTING METAL WITH A COLD CHISEL. 


A cold chisel may he used in different ways to separate metal;.one 
of the simplest methods of using it is in combination with the sharp edge - 
of a vise. Another method of using the chisel is what is well known as 
“chipping”. There are many different shapes of chisels which will be de- 
scribed later; at present, the simple functions of the chisel will be 
detailed. 


Shape of cutting edge. The edge of the chisel is wedge shaped, the 
angle varying with the material being cut, 60° to 70° (see diagram (2) ) 
being suitable for average work. If the chisel were ground straight as in 
diagram (1) the corners would soon wear round. Diagram (3) shows a 
far worse condition. Grind the chisel as in diagram (4) slightly convex, 
then the centre of the chisel takes most of the cutting strain and is well 
supported by the metal on each side. Its convex shape also gives a shear 
cutting action, making the cutting much smoother and easier. 


Use of the chisel. The beginner in using the chisel to cut metal in 
the vise is hkely to do considerable damage to the chisel, vise and work 
unless precautions are taken to use the chisel properly as shown in 
diagram (10). The face or “facet” if held at the angle shown by dotted 
line in figure (5) will tend to cut in the angle as indicated and will cut 
into the back steel face of the vise, damaging both vise and chisel. If the 
vise edge is broken away as in figure (6) the metal cut in the vise after- 
_ wards will be spread or burred as shown in figure (7). On the other hand 
if the chisel is held so that the facet is inclined as in diagram (8), the 
metal will be pushed or torn off as shown in (9). 


Great care, then, must-be used to hold the chisel at the correct angle. 


Shear cutting is produced by holding the chisel correctly as shown in 
diagram (10) this will leave a smooth clean cut on the work. On one 
side of the metal is the sharp cutting edge of the chisel, and on the other 
side the edge of the steel jaw of the vise. 


To make a smooth continuous cut. It is necessary to incline the 
chisel slightly as shown in the top view (11). The chisel should never be 
held as shown in diagram (12), as it is unsuitable for thin metal and 
does not take advantage of the cutting edge of the steel vise jaw. 


Chipping with chisel is shown in diagram (14), the metal itself 
offering resistance while the wedge shaped tool cuts it. Note the pushing 
action of the tool ground incorrectly in diagram (13). Chipping is 
usually understood to mean the removal of metal from broad surfaces by 
means of the hammer and cold chisel. 
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THE FILE. 


The file is one of the most important of all hand tools and is generally 
little understood and badly abused. 

The beginner would do well to get a true conception of the file, its 
care, and the kind of file to be used for each purpose. 


The file is a cutting tool with many teeth; it is made of high quality 
tool steel suitably hardened and tempered. The student should make 
himself familiar with the names of the parts of the file as shown in 
diagram (1). The tang is the only portion of the file that is soft, the rest 
of the file is very hard and if dropped on a hard floor it will possibly 
break. 


The teeth of the file to-day are mostly cut by machine methods, but 
some years ago files were hand.cut with a chisel as shown in diagram (3). 
The tooth of the file is formed by an incision into the soft metal with a 
sharp chisel-like tool which also pushes up the edge to form the tooth; 
afterwards the file is hardened and tempered. 


Single cut files form one distinct classification of files. They consist 
of one single row of teeth usually from 65° to 85° angle, this inclination 
being given to obtain a shear cut. The single row of teeth give a 
smoother finish to the work than double cut teeth. The mill file is a 
single cut file. 


Double cut files have two rows of teeth crossing each other at opposite 
angles, the “over cut” teeth are cut first followed by the second course or 
“ap cut” giving to the file teeth that are “points”, whereas the teeth on 
the single cut files are chisels. Nearly all the files used by machinists can 
be obtained double cut. 


Varying degrees of coarseness. The degree of coarseness or size of 
the teeth of the file is denoted by the names, bastard, second-cut and 
smooth. There are also coarser cuts known as rough and coarse, and a 
fine cut known as dead smooth used for fine finishing. 


Form of files. A file is also selected by its shape in cross section as 
shown in diagrams (5) to (13). Files are selected by shape, size and 
fineness of cut. Files are classified principally by the coarseness and 
fineness of the cuts. There are two divisions of regular files——saw files 
and machinist files. 


Saw files are particularly adapted for sharpening saws and similar 
plate work for which double cut files are not suited. They are single 
cut and are usually bastard cut, second cut, and smooth cut. 


Machinist files are usually double-cut and in degree of coarseness are 
rough eut, bastard cut, second eut and smooth cut. The mill file is an 
exception to this, being single cut and is suitable for filing lathe-work 
and for drawfiling as it leaves a smooth finish. 
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FILING AND DRAWFILING. 


The file, although a simply constructed tool, is in reality a difficult 
tool to use, and the beginner will find that to file well is an art which 
can only be acquired by practice. Some years ago the tradesman known 
as a “fitter” became very skilful in the use of the file by using it con- 
tinuously, but to-day with work machined precisely to close limits the 
work of the fitter has practically gone. 


To file thin metal. This operation is comparatively easy, because 
the work being filed is so narrow that its flatness and squareness are not 
very noticeable, the main object being to obtain a straight edge. It is 
easy to conceive from diagram (1) that to file square is almost a 
balancing operation for the person who holds the file. The moment 
p x d must equal the moment D x P at all positions of the file, and 
since the lengths D and d are continually changing, the work of keeping 
equilibrium or balance is a difficult one. 


Drawfiling. After filing it will be noticed that the surface of the 
work is marked by serrations left by the file. If the file is held as shown 
in diagram (2) and operated in the direction of the arrows under light 
steady pressure, these irregular serrations or marks on the work will be 
removed and a fine finish with parallel serrations obtained. Greater 
accuracy can also be obtained by finishing work by the drawfiling 
operation. 


The file handle. It is very important to use only files provided with 
handles and to be sure that the handle is fitted tightly to the file. 
Serious accidents have been caused through this oversight. 


To fit handle. Drill a hole in the handle, the average thickness of 
the tang, and heat an old file tang to a dull red and force in % of its 
length; withdraw it quickly and cool the handle in water. Now fit the 
new file by tapping on the end of the handle until it fits tightly without 
splitting. 


Pinning. Small particles of metal occasionally wedge themselves 
between the teeth of the file—this is known as “pinning” and causes 
scratches on the work. See diagram (5). Sometimes by rubbing ordin- - 
ary chalk on the file it can be prevented. To remove the “pins” use a 
file card or push the “pins” out with a piece of flattened brass as shown 
in diagrams (3) and (4). 


Height of work. The work face should be close to the top of the 
vise as in diagram (6), this gives rigidity to the work. If the work is 
high as in diagram (7) it is very noisy and springy producing a 
chattered surface. 


Filing toa corner. If an ordinary flat file is used it will cut the work 
on two edges as shown in diagram (8), but if the teeth on the edge are 
ground off only the face of the file will cut as shown in diagram (9). 
This is called a “safe edged file.” 
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THE HACKSAW. 


The hacksaw is used for cutting metal and it is usually a very mis- 
used tool, owing to wrong selection of blades and incorrect handling. 
There are many different types of hacksaw frames, the “pistol grip” ad- 
justable type shown in diagram (1) being perhaps the best. The saw 
blade is made of a high grade steel hardened and tempered. It is 
stretched in the saw frame to the proper tension to give it stability when 
cutting. The blade is fastened in the frame to cut on the forward 
stroke. The saw must not be used to cut too fast, 50 to 60 strokes per 
minute is about the right cutting speed for ordinary work. 


Use of the saw. Slight pressure should be applied on the forward 
stroke as at A A and the pressure should be relieved on the return 
stroke as at B B, otherwise the teeth will be dulled. If the work is thick 
considerable pressure may be applied to make the teeth “bite”, but if 
the work is thin or the material soft the teeth will likely catch and break 
the blade. Thin metal may be sawn by clamping it between two pieces of 
wood in the vise. A lubricant is unnecessary when using a hand hack- 
saw. 


Number of teeth per inch. Saws are made with a varying number of 
teeth per inch and are selected to suit the work they have to do. 
For general use in hand frames 18 teeth per inch. 
Tool steel and cast iron 20 teeth per inch. 
Tubing, brass, copper, drill rod 24 teeth per inch. 
Thin sheet metal and thin tubing 32 teeth per inch. 
Power blades for cutting soft steel 14 teeth per inch. 
* Diagrams (2) and (3) show comparative sizes of teeth. 


The “set” of the saw. Diagram (4) shows the cut made by a saw 
with teeth “set” or set over alternately one each side to give clearance 
and freedom to the saw while cutting. Various methods of “setting” 
hacksaw teeth are shown in diagram (5). A is a wavy set each tooth 
cutting only part of the “kerf” or grove made by the saw. 

In diagram 5B each tooth cuts one half the “kerf”.. In 5C the 
teeth are set in threes each one of the three cutting its share of the metal. 

Diagram (6) shows a flexible back blade or soft back, the teeth are 
hardened back to the dotted line, giving a flexible blade. 

Diagram (7) shows a blade hardened throughout. 

The work should be so placed in the vise so that most of the sawing 
may be done close to its jaw, as in Diagram (8); this reduces vibration. 


Causes of blades breaking. One of the main causes of blades break- 
ing is wrong selection, but improper and careless use breaks many blades 
also. If a saw blade is allowed to rock from side to side in use, as shown 
in diagram (9) it is likely to break. If the saw is not kept sawing in a 
straight line as shown in diagram (10) but allowed to move as shown by 
dotted lines it will break. When the teeth break as in diagram (11) it 
shows that the blade is too hard for the work it is doing. If the teeth 
are rounded as in diagram (12) it is obvious the teeth are too soft for that 
particular work for which it is used. 
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BENDING AND SHAPING. 


In work at the bench it is often found necessary to make a simple 
bend in metal, and sometimes where several pieces have to be made it 
may be worth while to make up a simple “jig” which will save time and 
turn out work similar in size and shape. If metal will not bend cold with 
the assistance of levers it will be necessary to heat the metal to make it 
soft and pliable. 


‘Bending flat stock. If a piece of flat stock 1” x 3” is taken it will 
be noticed that it is quite an easy matter to bend it flatwise, but if it is 
bent edgewise it is difficult to bend and will wrinkle up unless a special 
bending block is used. In diagram (1) A A represents the axis of a 
piece of metal. If the metal is bent A A will not be compressed or ex- 
tended. Outside the neutral axis B B is extended when bent, and inside 
the neutral axis C C is compressed. Under these stresses the metal will 
seek relief and wrinkling will take place, this would have to be cor- 
rected with the hammer or some other mechanical device. 


Simple bending. Right angles may be bent in the vise with the 
hammer as shown in diagrams (8) and (4). If the metal is likely to 
spring back after bending the position shown in (8) is used, so that the 
metal can be bent slightly beyond the right angle. 


Simple punch and die, as shown in diagram (5), is suitable for mak- 
ing a simple cap for a clamp and will illustrate the action of a punch 
and die and its influence on the metal. The blank fits into the recess of 
the die, but when it is punched the diameter is reduced as shown by 
the dotted line showing that the recessing to the form has drawn the 
metal in radially. 


Pressing metal. in vise by the squeezing action of the jaws is shown 
in diagrams (6) and (7). Suitable pieces of metal being used to give the 
required shape and size to the form required. 


Bending jig. A simple spring bending jig is illustrated in diagram 
(8) This could be operated between the jaws of a vise and is very suit- 
able for producing a number of simple bent parts. 


Bending eyes. The simple bending jig shown in diagram (9) is held 
between the jaws of a vise. One pin is lower than the other to allow the 
wire to pass over it to make a circular bend. The straight piece is cut 
off when the bend is made and the metal is flattened. 


Heavy bending. <A bending block shown in diagram (10) is used 
for bending heavy metal. The lever and roller making the operation 
comparatively easy. 


Straightening wire. To straighten wire by hand or with a hammer 
and block would take too long. Ifa simple jig as shown in diagram (11) 
is used the wire can be pulled through it and is straightened very quickly. 
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THE STOCK AND DIES. 


A stock and die is used to cut a thread “by hand”, but most threads 
used in manufacturing are cut with dies in screw machines and bolt 
machines. The stock is provided as a turning device for the die, the long 
handles by their lever action making the operation easy for the operator. 
It is better to use a cutting compound such as lard oil to give easy cutting 
and produce smooth threads. ‘There are many styles of dies in use, a 
familiar type being shown in diagram (2). When the dies become worn 
new ones can be obtained at a very small cost. 


Diagrams (3) and (4) show two sectional elevations of a die and 
diagram (5) shows the plan. The die consists of the outer part called the 
Collet, the lower part called the guide, the dies themselves and the 
adjusting screws. 


The collet. Has a threaded recess beneath, into which the guide is 
tightened to support the dies and hold them against the tapered seat. 
This keeps the dies exactly opposite each other. The collet has two conic 
recesses at opposite sides into which the set screw of the stock fits, to pre- 
vent the die turning in the stock while the threads are being cut. Care 
should be taken not to put the collet in the stock upside down, otherwise 
the set screw will cut the collet and will not hold it securely. 


Assembling the dies in the collet. All the parts should be clean be- 
fore assembling, because if a small metal chip gets between the dies and 
the collet or the guide and the dies, although the guide may be tight, the 
dies will probably be out of line with each other and the threads on the 
work will be spoilt. 


Adjustment of the dies. The type of die represented in diagram (3) 
is adjustable to size, that is if the stock were over 34” diameter the dies 
might be set to fit it and still cut threads. But the threaded piece would 
be too large to fit a hole threaded with a *4”—16 tap. Similarly the 
dies may be set too close and threads may be cut on the work which 
would fit very loose. It is much better if suitable marks are provided to 
show when the dies are set to cut the correct size. The adjustment of the 
dies may be used to advantage in cutting large threads in two euts. 


Diagram (6) shows the usual method of threading work “by hand” 
by holding the work vertically in a vise. The-work should be slightly 
bevelled to give the die an easy start. Notice in diagram (3) that the 
under side of the die has tapered threads to start easily and care must be 
taken to see that the die cuts slightly beyond the amount required to pre- 
vent having tapered threads on the end of the work. 


Diagram (7) shows the method of threading work in the lathe, and 
diagram (8) shows how the die has to be used the reverse way cree 
finishing threads to a shoulder. 
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HAND TAPPING. Aves rie 2 A (hn PE ty 


Before tapping a hole it is necessary to look up a suitable table of 
tap drill sizes, or calculate the size of the hole. Tapping is an operation 
that should not be undertaken until the beginner has a clear conception 
of the elementary points dealt with here. 


Set of taps. Diagram (2). Hand taps over 14” diameter are made 
in sets of three, known as “Tapper Tap”, “Plug Tap”, “Bottoming Tap.” 


The taper tap is tapered at the end at least six threads from the point 
and is used for starting all tapped holes, and for the majority of holes it 
is the only tap required. 


The plug tap is tapered at the end about three or four threads and 
is used to follow ihe operation with the taper tap when putting threads 
to the bottom of a “blind” hole. 


The bottoming tap has full threads throughout and is used as a 
finishing tap to eut threads to the bottom of a hole. 


Relief of taps. Taps have 3 or 4 “flutes” or grooves and the lands 
are relieved at the back of the cutting edge to prevent friction and 
binding. One third of the land at the back of the cutting edge is the 
nominal shape and size of the thread, so that the top may be sharpened 
by grinding the fiutes leaving the tap full size. 


Adjustable tap wrench (1) is fitted to the square shank of the tap, 
and is operated at first with a steady downward pressure until the tap 
is well started. It is then necessary to work the tap backwards and for- 
wards half a turn each way to break the chip and make the thread smooth. 
Use lard oil when tapping iron and steel, but cast iron is tapped dry. 
The tap wrench gives a distinct mechanical advantage so that care must 
be taken not to break the tap. 


Tap drill sizes. Diagrams (3) and (4) show the comparative tap 
drill sizes for a U.S.S. (United States Standard) and a S.A.E. (Society 
of Automotive Engineer’s). Both holes are drilled for the same diameter 
screw, but the U.S.S. thread has a coarser pitch than the S.A.E., there- 
fore the hole for the 8.A.E. is drilled larger. 

Diagram (5) shows an enlarged thread of the U.S.S. form. The 
diameter of hole drilled for tapping should be greater than the root 
diameter of thread to give easy tapping. Two-thirds the double depth of 
thread is sufficient to allow for tapping. If only one-half the full thread 
were allowed the bolt would break before the threads were stripped, so 


that it is not advisable to have screws fitting too tightly unless specially 
desired. 


Ch/° To find tap drill size. For full depth of U.S.S. thread divide the con- 
‘stant 1.299 by the number of threads per inch. 

For %4 depth of thread % of 1.299—.866 or .9 approx. 

Example 3%” tap 16 threads. 

Solution %”— ¥ 4=.875”—.056”=.319”. 

Tap Drill Size=.319 or 46” approximately. 


bi 
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Diagram (6) and (7) show methods of starting tap in alignment by 
using the lathe, it is very important before doing this to see that the tail- 
stock is not set-over. 

Diagram (8) shows the method of hand tapping in the ordinary way 
by holding the work in the vise. 
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QUESTIONS ON BENCHWORK. 


What substance may be used on the surface of metal before laying 
out? Why is this necessary ? 

What solution is used on surfaces which have been machined ? 
Why is it necessary to mark lines with a punch when laying out? 
What precautions must be taken in using a L soriberyanda a centre 
punch? 

Why is it necessary to make a deep punch mark for the centre of a 
hole which has to be drilled, ; 

What particular care is necessary in laying out measurements from 
a rule? 

How would a rule be placed when setting a surface gauge to a 
dimension ? . 

How would a pair of calipers be placed in setting them to size from 
a rule? 

What is the correct manner of grinding the eutting edge of a.cold 
chisel ? 

Why must the face or Decntcet of a cold chisel be in a horizontal posi- 


_ tion when cutting metal in a vise}, 


What do you understand by a “s ear cut” w hen using a cold chisel 
to cut thin metal in a vise? 

How is the length of a file measured ? 

What do you understand by a “single cut” file, and a “double cut” 
file, 


“How is the degree of coarseness of a file expressed ? 


What are the common shapes of files? 

Why is it difficult to file a surface flat? 

What do you understand by “drawfiling” ? 

How would you try to prevent a file from “pinning” ? 

How is a file cleaned ? 

How would you hold work in the vise to file it? 

What do you understand by a “safe edged file’? When is it used? 
How is a hand hacksaw blade fastened in a saw frame? 

What do you understand by “pitch” in reference to saw teeth? 
What is the “set” of a saw? Why is it necessary? What are the 
forms of “sets” commonly used? 

What are some of the causes of saws breaking ? 

What saw blades would you select for sawing the following: Tool 
steel, cast iron, tubing, brass, thin sheet metal ? 

What occurs = a piece of metal when it is bent? 

What simple bending devices do you know of? 

Name the parts of an ordinary stock and die. 

What different ways can a stock and die be used? 

How would you thread to a shoulder with a die? 

Why are dies made adjustable? 

Why is it necessary to clean a die before using it? 


t 
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DRILLING 
THE DRILL PRESS. 


The drill press like all other machine tools must be understood before 
it can be used efficiently. Many of the mistakes made in drilling are due 
to a lack of knowledge of the machine and the tools used with it. Any 
person who has drilled holes with a hand drill or breast drill realizes 
that there are two essential points in good drilling, to hold the drill 
steady and true in correct relation to the work and to hold the work 
firmly in relation to the drill. The drill press is designed to give varying 
cutting speed to the drill, to keep the drill steady in rotation and to 
provide suitable support for the work. 


The drill press base is bolted to the floor and supports the column of 
the drill. Often the base of the drill press is tee-slotted, so that large 
work may be bolted to it while the table is moved to one side. 


The Column is accurately machined and keeps the table at right 
angles to the column in the various positions in which it may be used. 


The table can be raised or lowered by turning the handle operating 
the elevating screw. When the table is in the position required it is 
clamped rigidly to the column. Holes are made in the table which 
should be placed beneath the drill to prevent the table being spoiled by 
careless drilling. The table is provided with tee slots into which tee 
bolts may be used with suitable clamps to hold down work rigidly while 
it is being drilled. Work should never be drilled unless it is held 
solidly with the machine. The table may be swung sideways to ac- 
comodate various kinds of work and bring holes into their proper 
position for drilling. 


Fast or tight and loose pulleys are oeually provided to receive trans- 
mission by belt, and a foot lever usually pushes the belt on or off these 
pulleys. If the belt is on the tight pulley the machine is running, if on 
the loose pulley the machine is stationary and the pulley runs free. 


The speed cone provides a variety of rotating speeds similar to a lathe, 
and if the machine is back geared there is a further range of speeds. 


The spindle obtains its rotation through bevel gears which change 
the direction of rotation at right angles from the upper shaft on which 
the upper speed cone is placed. The spindle, which carries the drill or 
other cutting tools, revolves in a fixed relative position in a sleeve, 
which does not revolve, but which slides up or down giving the feed to 
the spindle and drill. 


The feed. A feed mechanism is provided which gives a steady move- 
ment to the drill into the material. It is generally better to use a steady 
mechanical feed than to operate the feed through the hand wheel pro- 
vided, but sometimes a hand feed may be desired. 


Types of drilling machines. Upright Drills similar to the one il- 


lustrated here, Post Drills, Radial Drills, Horizontal Drills, Gang Drills, 
Multiple Drills , Sensitive Drills, Portable Drills. 
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DRILLING SMALL HOLES IN THIN METAL. 


One of the first operations for a beginner will be to drill holes less 
than 44” in diameter in comparatively thin metal. To do this efficiently 
and safely it is necessary to have at least an elementary knowledge of 
the parts and use of a standard upright drill press and the method of 
holding and driving small drills. 


Speed of the drill. It is necessary to decide upon a suitable speed 
for the drill being used. If drills are of such comparative sizes as shown 
in diagrams (1) and (2) it is obvious that the small drill must run faster 
than the larger drill to obtain the same cutting speed. It is advisable 
therefore to calculate such speeds in revolutions per minute from recom- 
mended cutting speeds for a given material in feet per minute or look up 
the speed in a table of drill speeds for the size of the drill and material 
being used. See page— 

Types of drills. It should be known whether the drill being used is 
made of carbon steel or high speed steel as the latter can run at almost 
twice the speed of the former. If a carbon steel drill is run too fast the 
corners will be rounded and it will heat up, thus drawing the temper and 
ruining the drill. 

Drills having parallel shanks are made in the following sets :— 

(1) Number sizes No. 1 (.228 dia.) to No. 80 (.0135 dia.). 

(2) Letter sizes A (.234 dia.) to Z (.418” dia.). 

(3) Straight shank drills 4g4” to 4” by 64ths. 

Drills having taper shanks are made 4” to 4” in diameter, in- 
creasing by 32nds on small sizes and 16ths and 8ths on larger sizes. 

Metric sizes are from 4 m.m. (millimetres) to 50 m.m., increasing 
by 1 m.m. on small sizes and 5 m.m. on the larger sizes. 

Smaller drills are not marked and the size is found by using a drill 
gauge which is a plate of metal with a series of holes and with sizes 
stamped near the holes. 


Chucks used for straight shank drills. These are shown in diagrams 
(3) and (4). The Jacobs chuck shown in diagram (4) is a 3 jaw chuck 
adjusted first by hand with the knurled nut then tightened securely by 
the key. a 

The standard 2 jaw chuck has interlocking parallel jaws and is 
adjusted by a plain chuck key. 

These chucks are fitted with morse taper shanks which fit into a 
corresponding tapered hole in the spindle. 


Drilling the hole. After laying out the hole as in diagram (6) the 
drill will not always drill in the correct location as shown in (7) due to 
various reasons. (a) Drill may not be correctly ground (b) work may 
not be held stationary (c) irregularities in the fitting of the machine 
itself. If the tendency to run off as shown in diagram (7) is noticed, 
before the full diameter of the drill is reached, it may be corrected by 
cutting a groove as shown in diagram (8) by means of a diamond point 
or a round nosed chisel. This will allow the drill to cut back in the direc- 
tion B. As soon as a correct location is seen as shown by dotted line the 
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hole can be drilled through. Diagrams (9), (10) and (11) show stages of 
drilling a hole in metal. Hold back on the feed, as shown by the arrow 
C in the diagram (11) as the drill penetrates the metal. Diagrams (12) 
and (13) show the drill cutting into wood or passing into the table hole 
after penetrating the metal, to prevent damaging the drill point. . 
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DRILLING HOLES IN THICK METAL. 


The straight shank twist drill shown in diagram (1) is commonly 
used for all small size drills. It is driven by being fastened in a 
parallel-jawed chuck, which in turn is driven from the drill spindle to 
which it is fastened by its tapered shank (see page 33). The friction 
between the jaws of the chuck and the straight shank of the drill is 
usually sufficient to drive it, but if the resistance of the material being 
drilled is too great the chuck will slip on the drill shank. 

For holes of large diameter a taper shank drill is used (diagram 2). 

Note: See page (37) on drill shanks. 

The sleeve, shell socket or collet is used to increase the size of a 
tapered drill shank. If a drill press spindle has a No. 3 morse tapered 
hole and it is required to fit a drill with a No. 2 morse tapered shank it 
would be necessary to enlarge the drill shank to make a fit. To accom- 
modate the drill to the spindle a sleeve is used with a No. 2 morse taper 
hole in it to fit the drill and a No. 3 morse taper on the outside to fit 
the drill spindle. 

The drill socket (diagram 4) can be used in a similar manner to a 
sleeve but in addition to that occasionally it is necessary to fit a No. 4 
taper shank drill to a drill spindle with a No. 3 hole; and this would be 
impossible, without the use of a socket. The socket required to satisfy 
the conditions stated would have a No. 3 morse taper shank shown at A 
to fit the drill spindle and a No. 4 morse tapered hole shown at B to fit 
the drill. 

The drift key. After a taper shank drill has been fitted to a drill 
spindle, sleeve or socket, it is necessary to drive a tapered drift key into 
the slot provided to loosen it. Notice that one side of the drift key is fiat 
and the other round. The round side fits against the upper round part 
of the slot in the spindle, sleeve or socket and the flat part fits against 
the end of the tang being removed. 

To drill a hole in its true location. Diagram (6) shows the centre 
of the hole marked with a centre punch. If this hole were drilled the 
only permanent record of the location of the hole would be removed as 
shown in diagram (7). The hole therefore should be laid out as shown 
in diagram (8), so that when drilled as shown in diagram (9) evidence 
of true drilling remains or a proof that the drill is off its correct posi- 
tion as in diagram (10). 

To correct a drill when cutting off centre. Diagram (11) shows a 
drill cutting off centre. To correct this cut a groove with the centre 
chisel on the side to which the drill is to be drawn and when the drill is 
dutting concentric with the outer line as shown by the dotted line the 
hole can be finish drilled. 

Drilling with large drills. Large diameter drills have thick webs 
and it is advisable to drill a pilot hole as shown in diagram (12) to make 
a free and easy passage for the drill. 

Thinning the web. Drills with a thick web as shown in diagram (13) 
are sometimes thinned by grinding as shown in diagram (14) to make 
easy cutting at the drill point. 
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TYPES OF DRILLS. 


A drill must have the following characteristics :— 

(1) It must have one or more cutting edges. 

(2) It must have a central guiding or leading point, which is 
usually obtained by grinding the cutting edges at an angle with the 
axis of the drill. 

(3) The cutting edge must have sufficient clearance behind it. 

(4) A suitable shank must be made on the drill for driving it. 

The taper shank twist drill, diagram (1). This is one of the common 
drills used, the flutes or spiral grooves provide a means of removing the 
cuttings from the hole away from the cutting point. The inclination of 
the flutes at the cutting edges provide a similar angle to the front rake 
of a lathe tool, thus tending to force the drill into the work. A drill 
has a slight clearance on the body, being slightly larger at the point 
than at the shank end to prevent binding in the hole. The web of the 
drill is thicker as it approaches the shank end to make the drill strong 
at the point of greatest strain. 

The lands of the drill have a portion concentric and the remainder 
eccentric to give relief to the lands. 

The straight fluted drill, diagram (2), is much used for drilling the 
softer metals such as babbitt, brass and other copper alloys. It is also 
very suitable for drilling thin metal owing to the fact that the chip 
pressure acting on the flat face of the flute does not give to the drill the 
pulling-in tendency noticeable in the twist drill. The twist drill is more 
suitable for materials that offer much resistance to the cutting action 
of the drill. 

Diagram (3) shows an ordinary twist drill with the cutting edge 
ground parallel to the axis similar to a straight fluted drill to make it 
suitable for drilling brass, ete. 

The flat drill, diagram (4), can readily be made from “drill rod” a 
carbon steel specially manufactured for drill making. In order that the 
flat drill may produce accurate work it is essential that the cutting end be 
symmetrical in every respect. The thinner the drill is at the point the 
better it will cut, providing it has sufficient metal to give it the re- 
quired strength. 

The fitting of the shank to the socket as shown in diagram (5) in- 
volves two distinct methods of driving the drill. 

First, the taper of the drill gives increased friction with increased 
pressure on the drill. The taper “lines up” the drill axially true, pro- 
vided it is clean with nothing in between the shank and the socket. 

Second, the tang fitting into the corresponding slot in the socket 
provides a positive mechanical drive preventing any possibility of the 
drill slipping. 

Drill shanks, diagrams (6), (7), (8), (9), show various forms of 
shanks used in drills. The commonest form of shank used is the morse 
taper shank shown in diagram (8) which has a taper of approximately 
54” per foot, but the taper varies slightly in the different numbers which 
are from 1 to 6. 
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HOLDING WORK WHILE DRILLING. 


If a piece of work to be drilled were held on the drill press table 
without any bolt or stop, the tendency would be for the drill to drive 
the piece of work around on the table, thus endangering the operators’ 
hands, probably spoiling the work and breaking the drill. It is 
necessary therefore to prevent the work from turning with the drill, 
_and also to hold it rigidly on the table with the centre of the hole 
opposite the centre of the drill. Sometimes it is convenient to hold work 
in the drill press vise. If so it is necessary to bolt the vise to the table 
and clamp the table in proper position at its centre and also correctly 
for height on the column of the drill press. 


Stop plate. One of the simplest devices for preventing work from 
turning when being drilled is the stop plate. Some drill presses are 
provided with a stop plate; if not, a piece of metal can be bolted to the 
table as shown in diagram (1). 


Bolt and strap. This isa very simple and common method of holding 
down work to the drill press. Note the correct methods of using the 
strap, in diagram (2). The nearer the bolt is to the work the greater 
will be the pressure applied. 


Clamping work to an angle plate. It is convenient for some work 
with right angle faces to clamp it to an angle plate which in turn is 
bolted to the table. This brings the surface of the work to be drilled in 
a horizontal position as shown in diagram (38). 


Drilling holes through a plate or flange. To drill through a plate it 
is necessary to raise the work from the face of the table by means of two 
parallels, then using two straps on each side to hold the work down 
rigidly as shown in diagram (4). 


Drilling a round shaft. A round shaft is held best in a vee-block. 
A step block is used to hold the strap a convenient height and the shaft 
is bolted down securely. If the shaft is not too large it can be held 
securely in a vise which is bolted to the table. 


Using a drilling jig (see page 40). <A drilling jig has several ad- 
vantages. 

(1) It can be held down by straps or bolts as shown, or by special 
features designed in the jig itself of which there are many forms. 

(2) It saves time in laying out holes. 

(3) It guarantees correct duplication of work. 

(4) It provides a steady guide for the drill. 

The simple plate jig illustrated on page (40) has a jig plate with 
holes to receive the hard steel drill bushings which are prevented from 
rotating with the drill by the pin on the bushing fitting into the groove 
A of the plate. The steel plug is placed in the first hole drilled and 
indexes the correct relative position of the remaining holes. 
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QUESTIONS ON DRILING. 


Trace the transmission of a drill press from the tight and loose 
pulleys to the rotating spindle. 

How is a drill spindle raised or lowered ? 

How is the table of a drill press raised, lowered or fastened securely 
in one position ? 

How is the feed given to a drill press spindle? 


Which drill would run fastest in drilling the same material, a small 
drill, or a large drill? 


What are the different kinds of drills used? 
How would you know when a drill is running too fast? 


What are the ordinary drill chucks like those that are used for 
driving straight shank drills? 


How are drill chucks fastened to a drill spindle? 

What causes a drill to drill holes off the original position in which 
they are started ? 

How would you “draw” a drill hole that is off its true location? 
Where should the table be placed in relation to the drill? 

What is the danger in drilling thin metal? What precautions 
should be taken? 

Why is a straight shank not used on large sized drills? 

When is a sleeve or collet used ? 

When is a socket used? 

How are taper shank drills removed from a sleeve or socket? 

How would a hole be laid out to check up on the location after 
drilling ? 

When is a pilot hole first drilled in work? 

What do you understand by “thinning the point” of a drill? When 
is this done? 

Name the main parts of a taper shank drill. 

When is a straight fluted drill used? 

What are the common shanks of drills? 

How does a taper drill fit into a drill spindle? What are the ad- 
vantages of such a driving device ? 

What operations can be carried out on a drill press? 

How can work be fastened to the table of a drill press? 

What do you understand by a drilling jig? What are the ad- 
vantages of using a jig? 

What is likely to happen if work being drilled is not fastened 
securely to the table of the drill press? 


44 MACHINE SHOP PRACTICE 





LATHEWORK 


THE LATHE. 


The lathe is one of the most important of the tools used in the 
machine shop and although its construction is simple it is capable of 
turning out a great variety of work. The beginner would do well to 
learn the names and use of parts gradually. He should be quite sure 
he understands clearly the function of the parts of the machine and 
always remembers that a lathe is a precision tool and should be well 
taken care of. Oil the machine often and you will become acquainted 
and interested in each of the parts. 


The main parts of the lathe are the Bed which is raised from the floor 
and supported by four legs to sufficient height for the convenience of the 
average man. The accurately machined surface of the bed carries the 
Headstock, Carriage and the Tailstock; while overhead the Countershaft 
is fastened to the ceiling to receive transmission by belt from the main 
shaft and transfer it by belt to the lathe. 


The bed is made wide and deep to withstand heavy cuts and give to 
the whole machine rigidity and strength. The upper surface of the bed 
has “ways” or “Vees” which are accurately machined and scraped. The 
outside ways form a perfectly aligned track for the carriage to run on. 
The inside ways provide a permanent seat for the headstock and a per- 
fectly aligned rest for the tailstock, which can be fastened in any posi- 
tion to suit the work. 


The headstock casting is bolted firmly to the bed and carries the 
spindle made of crucible steel, which runs in two bronze bearings. At 
the end of the spindle a pinion is fastened which transfers rotation 
(through the reverse gears to the gears set up on the machine) to the 
lead screw or the feed rod. A hole extends through the spindle to allow 
small rods to pass through to be machined; and the front end of the 
spindle is tapered to receive the sleeve and “live centre”. The nose of 
the spindle is threaded to receive the faceplate or the chuck, for driving 
or holding the work. The speed cone runs free on the spindle but in 
order to drive the spindle it must be fastened to the spindle gear by the 
locking pin. By unlocking the pin the spindle ean be driven through the 
back gears. 


The tailstock can be fastened on the bed by the bolt in any position 
required to suit the work. The tailstock spindle holds the dead centre, 
and the spindle is moved by turning the handwheel, and ean be locked 
in position by the locking lever. The tailstock may be moved towards or - 
away from the operator or “setover” as required for taper turning by 
means of adjusting screws on opposite sides of the tailstock. To remove 
the dead centre, turn the spindle back by means of the handwheel until 
the screw inside the spindle hits the end of the dead centre and ejects it. 


The carriage has on its front side the Apron which carries the feed 
mechanisms controlling the long feed, cross feed, and the split nuts 
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which engage with the lead screw used only for screweutting. The top 
of the carriage consists of the Saddle, which carries the cross slide, com- 


pound slide rest and tool post. 
Size of a lathe is determined by the amount of swing and the length 
of the bed, such as 16” x 8 ft., that is 16” swing and 8 ft. length of bed. 
Types of lathes. Engine lathes, Turret lathes, Bench lathes, Jewel- 
lers lathes, Pulley lathes, Axle lathes, Wheel lathes. 
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LATHE TOOLS. 


It is very necessary for the beginner to have at least an elementary 
knowledge of the different tools which may be used on the lathe. Tools 
required for use on the lathe must usually be obtained from the tool 
room and the proper selection of the tool is very essential for doing 
work in the best possible manner. 


Forged tools as shown in diagram (1) may be made of Carbon Steel 
or High Speed Steel, and are forged out to shape from a suitable-sized 
bar of steel, then hardened, tempered and ground. After many grind- 
ings they are again forged and tempered until the steel is too short for 
convenient use. The forged tool is a very rigid tool, being made of one 
piece of metal but they are rapidly being superseded for general use by 
the tool holder and tool bit or blade, because they are more economical. 


Tool holders and tool bits. The tool-holder is made of a tough steel. 
It is provided with a square slot into which the high speed steel tool bit 
is placed as shown in diagrams (2) and (8). The slot is inclined to give 
to the tool a suitable inclination to the work, thus saving the time and 
material which would be lost if front. rake had to be ground on the tool 
bit. 

The set screw type of tool-holder, diagram (2), is a simple tool to set 
up, the screw is carefully heat treated and hardened to give it durability. 


Cam type of tool-holder, shown in diagram (3) is rapid and positive, 
the greater the pressure on the tool the tighter it locks, and offers full 
freedom for operation. The hexagonal head of the cam is on the op- 
posite side from the cutting face of the tool. 


Straight tool, diagram (4), is used for the turning of plain work as 
shown. 


Bent tools, as shown in diagrams (5) and (6), are used as illustrated 
and are very suitable tools for working near to shoulders, flanges, or 
work held in chucks. 


The cutting off or paring tool, diagram (7), has a blade which can 
be adjusted in or out. This tool can hold a thin blade for cutting off and 
a thicker blade for side cutting. 


The Boring tool shown in diagram (8) is made to hold various sizes 
of boring bars. The two cap screws which hold the bar rigidly to the 
holder can be loosened to allow the bar to be turned to elevate or lower 
the tool. 


The spring threading tool, (diagram 9). This is a special tool made 
for screw cutting and is designed on the “goose neck” principle of spring 
tools. For light work the cam (c) may be removed allowing full freedom 
for the tool to spring and produce a smooth thread. For heavy cuts the 
cam may be tightened as required. 


The knurling tool, (diagram 10), carries three pairs of knurls 
fine, medium and coarse, each wheel cuts a helical groove in the metal 
and as the helical grooves are opposite a diamond is formed. 
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TOOL POSITION. 


The position of the tool in relation to the work being turned is a 
very important consideration and beginners will do well to study the 
effect of the various positions of the tool. Much work is spoilt and in 
many cases the machine is damaged by lack of foresight on the part of 
careless operators. 


Diagrams (1) and (2) show how it is possible to obtain elevation 
of the tool bit by moving it outwards from the inclined slot of the tool- 
holder. This inclination is given to the tool to give it front rake without 
having to grind it on the tool-bit. Diagram (2) shows an extreme posi- 
tion of the tool-bit which, of course, would weaken it and probably be 
the cause of breaking the tool bit under the pressure of the chip. 


To elevate the tool. The usual method to elevate or lower the tool 
is to swivel the toolholder up or down on the rocker in the rocker ring - 
of the toolpost. Diagram (3) shows the lowered position of the tool and 
Diagram (4) the elevated position, showing a difference at a.b. in the 
elevation. y 


The rigidity of the tool. The tool should not project any further 
from the toolpost than is absolutely necessary, because the further it 
protrudes the greater will be the strain on the machine due to the 
increased moment acting from the last point of support as shown at 
(c). This is often sufficient to push the tool down changing its set- 
ting and sometimes causing it to dig into the work. 


The position of the tool in relation to the machine. The position of 
the compound slide rest, the location of the tool post in the tee slots 
provided for it, and the type of tool holder used, must all be considered 
in the setting of the tool. If work is being turned in the chuck as shown 
in diagrams (5) to (7) it can be seen that when the tool post is in a 
location as near the chuck as possible the type of tool used will influence 
the conditions of the work. It is quite a common thing to see the com- 
pound slide or cross slide of a lathe damaged by some careless operator 
running it into the rotating chuck, because the tool is not set in the 
proper position. Diagram (5) shows a left-side toolholder being used 
because in this position its bent shape allows it to work quite near to the 
chuck without the chuck striking the corner of the compound rest. 
Diagram (6) shows that the straight tool cannot work as near to the 
chuck as the tool in diagram (5) and the tool in diagram (7) is much 
worse. Diagram (8) shows the best tool for working close to the chuck, 
but it is set too far away from the chuck due to the location of the tool- 
post in the tee slot, so that in this position the chuck will damage 
the corner of the compound slide rest. 


It is therefore advisable for the beginner to select the best tool for 
the work he has to do and always to place it in such a position, so that 
it will be rigid and will not cause any damage to the work or the 
machine. 
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TOOL POSITION AND TOOL GRINDING. 


The first lesson on tool position for the lathe (Page 48) dealt with 
the position of the toolholder and the tool from an adjustment stand- 
point. This lesson deals with the influence of the tool position in pro- 
ducing a smooth clean surface on the work, both on the lathe and the 
planer. 


Diagram (1) shows a planer tool in operation projecting beyond its 
last point of support A of the machine. If it were a thin strip of metal 
projecting beyond the point A as soon as the extremity came in contact 
with the resistance offered by the work, it would spring away from it, 
pivoting about the last point of support or fulerum A. — The planer 
tool shown under chip pressure tends to spring slightly as shown by the 
dotted line, digging into the work and sometimes producing a rough or 
“chattered” surface. 


Diagram (2) shows a “goose neck” or spring tool in operation for 
finishing. When sufficient pressure acts at the point of the tool it 
springs away from the work slightly, as shown in direction of the dotted 
line and produces a smooth finish. This same action occurs in a lathe 
spring tool. 


Diagram (3) shows a lathe tool in the best position for cutting with 
the front edge tangent to the surface of the finished work. In this 
position it carries the minimum load and does efficient cutting. In gen- 
eral, tools should be set at 5° above the centre as shown in diagrams (3) 
and (4) which is the best position (except for threading tools which 
cut better on centre). Due to the variation in stock diameters, the height 
of the tool above the centre will vary, being higher for larger diameter 
stock as in diagram (3), and lower for smaller diameter stock as in 
diagram (4). 


Diagram (5). The straight grinding shown by the straight line only 
produces the same front rake angle at the point as the curved one yet it 
removes more metal from the tool, taking a longer time to grind and 
producing a weaker tool. 


Diagram (6) gives a general idea of front rake angles. 


(1) The brass tool having a negative front rake. 
(2) The cast iron tool, having no front rake. 
(3) The steel tool having a distinct front rake. 


Note: See table on tool grinding for materials (Page 159). 


Diagram (7) shows a comparison between curved and straight front 
rakes for the same depth. The curved rake has a front rake angle equal 
to A B, while the straight rake has a lesser angle equal to C D. 


Diagram (8) shows the best position for the tool. It projects only 
a small distance from the tool post, giving it rigidity and under chip 
pressure it would tend to move away from the work as shown by the 
dotted line thus producing smooth work. 
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CHUCKS AND FACEPLATES. 


Work on the lathe may be carried out in three different ways ; 
work on the lathe centres, chucking work and face plate work. Various 
operations can be undertaken in each of the “set ups”. 


The universal chuck, diagram (1), so called because the Jaws move 
together. It is provided with a chuck plate, which is threaded to fit on 
to the threads on the lathe spindle. This chuck is suitable for holding 
work that is round and is the simplest form of chuck for a beginner 
to work with. 


The independent chuck, diagram (2), is used chiefly for work that is 
not perfectly round or work of various shapes similar to that shown in the 
diagram. If a hole has to be bored in a position off centre as shown, each 
jaw. is adjusted separately to hold the work in the location desired. A 
beginner will find difficulty at first in using this chuck. If a centre dot 
is placed on the work and the dead centre held against it the setting 
up of the work will be simplified. 


Combination chuck. This chuck can be used either as a “Universal 
chuck” or an “Independent chuck”. It contains the spiral or scroll for 
controlling the movement of the jaws and the screw by which each jaw 
is adjusted separately. 


Spring chucks or “Draw in Chucks” are often used for small round 
work. The adapter fits the taper hole in the main spindle and the chuck 
fits into the adapter, being drawn in by operating a hand wheel at the 
opposite end of the spindle. 


The drill chuck, diagram (3), is provided-with a taper shank arbor 
which fits into the taper hole in the main spindle or the tailstock spindle. 
If the spindle has a larger taper size it is made to fit by the use of a 
suitable sized “sleeve”. 


Use of chuck jaws. Some chucks have reversible jaws, others have 
two sets of jaws. Diagrams (4) and (5) show work being held on the 
outside and Diagram (6) shows the work being held inside with an out- 
ward pressure. The work shown in diagrams (5) and (6) would be 
bored first and faced on one side, then it would be held as in diagram 
(6) and faced on the other side and the outside turned. 


Use of faceplates. The small faceplate shown in diagram (7) is the 
one usually used for driving the lathe dog when the work is rotating 
between centres. The slot marked (A) is the best one to use to drive 
the lathe dog because if the tail of the dog pressed against the top of the 
closed slots the work would be strained. 


The large faceplate. Diagram (8). Some work cannot be machined 
on centres or held in a chuck, but it can be bolted to a faceplate to be 
machined. Various clamps, angles, plates and weights for counter- 
balancing the work being used. 
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THE USE OF CALIPERS. 





The majority of ordinary work on the lathe is measured with 
calipers, and the successful use of the caliper can only be attained by 
practice. The caliper could be used to obtain many variations of 
size and it is only by developing a sense of “feel” that any guarantee of 
size can’ be obtained. Many beginners force the caliper over work 
making believe that it is the size to which the calipers are set, but the 
calipers just spring over. It is therefore necessary to use a very delicate 
touch to use calipers successfully. Never caliper work while it is running, 
it is very rarely accurate and the calipers may be caught by the work 
and broken. 


Adjusting calipers to size. Diagram (1) shows the method of setting 
outside calipers to size after approximate setting by hand. The calipers 
are tapped gently on a block closing them slightly; if too close they are 
not opened by hand, but by tapping on the end as shown in diagram (2) 

they will open slightly. 


Spring calipers are very sensitive calipers to adjust and use. Dia- 
gram (3) shows the method of setting the calipers to size. When the 
adjusting screw is tightened one leg is pulled snug against the end of 
the ruler while the other moves down to the size. 


Inside calipers.. Unless the calipers are held in the position shown 
in diagram (4) a true reading cannot be obtained. Both outside and 
inside calipers must always be held in such a position that the measure- 
ment obtained is at right angles to the axis of the work. 


Transfer calipers with lock joints as shown in diagrams (5) and (6) 
are very convenient for measuring a piece of work as shown where or- 
dinary calipers could not be used without changing the setting. These 
calipers may be removed from the work and replaced without losing the 
size calipered. This is done by loosening the nut binding one arm to the 
auxiliary leaf and swinging it out or in (while the joint is locked) to 
clear the obstruction, then moving it back against a stop where it will 
show the exact size measured. 


Hermaphrodite calipers are used as in diagram (7) to locate the 
centre of stock. The calipers are adjusted so that when the bent leg is 
against the side of the stock the straight leg is approximately on centre; 
four lines are scribed on the end of the work from the four quadrants of 
the circular stock. In the small area so enclosed it is an easy matter to 
place a centre punch and mark the centre of the stock. 


Diagram (8) shows the Hermaphrodite Calipers being used to mark 
a distance from the end of stock, while the work is in the lathe. The 
work should be covered with copper sulphate and while the bent leg is 
against the end of the stock the work is rotated slowly by hand while the 
straight leg scribes a line around the stock. 
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SQUARING STOCK FOR LATHE. 


Squaring stock for lathe. Diagram (1) shows stock mounted on 
centres with a very irregular end just as it comes from the mill. If this 
were allowed to rotate on centres it would cause unequal wear on the 
centres and would wear the centre holes out of round. 


Diagram (2)shows stock that has been sawn out of square in the 
power hacksaw. If this were rotated between centres a similar result 
to that explained in Diagram (1) would be produced. Therefore, it is 
necessary to have the ends of the work perfectly square before rotating 
between centres for any length of time. 


Diagram (3) shows a squaring tool incorrectly placed. Although the 
cross feed screw is operated to square the work the tool position will leave 
the work out of square owing to its inclination. 


Diagram (4) shows a squaring tool in the proper position for squar- 
ing with its cutting face inclined at 5° under cutting. To rough square 
the tool is operated towards the head stock in a series of broad steps. 
This leaves the work serrated and it is necessary to follow by a finishing 
operation. 


Diagram (5) shows the squaring tool set for the finish squaring 
operation. It is operated from the centre of stock towards the outside. 
Unless the carriage of the lathe is rightly locked on the bed the face of 
the work would not necessarily be square. 


Diagram (6). If the stock is small in diameter and will pass through 
the lathe spindle or if it is short in length it is possible to square it 
while being held in the chuck, although this method would not produce 
faces as square as if rotated on the centres of the stock. 


Diagram (7) shows that if the tool is set too low it is impossible to 
completely square the stock, as the tool passes under a small projection of 
metal. 


Diagram (8) shows a clean squared face produced by setting the 
squaring tool exactly on centre. 


Diagram (9). It is sometimes difficult to finish square the stock to 
the centre hole while rotating on centres because the point of the tool hits 
against the dead centre and leaves a slight burr near the centre hole. If 
a special milled dead centre is used as shown in Diagram (9) the tool can 
pass in clean to the centre hole leaving the work smooth throughout. 
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FINDING THE CENTRE OF STOCK. 


Importance of locating centre accurately. If the location marked is 
not exactly in the centre of the stock it will mean that the outside of the 
stock will rotate eccentrically, the tool taking a small chip on one side, 
and a thicker chip on the other. This condition practically gives a 
rotating wedge, and, due to its varying pressure on the tool point, will 
cause the centre hole to wear irregularly, and tend to make the work out 
of round. It is also necessary to remove at least 145” all around a bar 
of tool steel, owing to the steel on the outside being decarbonized while 
rolling at the mill. If this skin were not removed this portion would 
not properly harden when required in the finished work. 

A similar condition has to be met with in cast iron. All of the skin 
which is very hard should be removed. Therefore, it is important that 
the centre be located as nearly as possible to the true centre to remove the 
skin evenly. 


The centering machine is provided in most well equipped shops. It 
holds the work central with a drill spindle so that the locating and 
drilling are undertaken in one operation. 


Method of locating the centre of stock. Diagram (1). The Herm- 
aphrodite Caliper, sometimes called “Morphy”, consists of a bent caliper 
leg with a straight divider leg. To use this, first mark the surface of 
the end of the stock with chalk, or, if the metal is smooth and bright, 
coat it with copper sulphate. Set the calipers to a distance approxim- 
ately equal to the radius of the stock with the bent caliper leg against 
the side and scribe 4 ares as shown in diagram (1). 


Diagram (2)—The Centre Square, when placed in contact with a 
cylinder, as shown, gives 2 points of contact (a) and (b). If these 
points were joined (a b) would be the chord of a circle. If a chord of a 
circle is bisected at right angles, as shown, the lines would pass through 
the centre of the circle, so that two intersecting lines locate the centre. 


Diagram (3)—The Bell Centre Punch may be used for stock within 
its capacity. It locates and centre punches stock in one operation. 


Diagram (4)—Centering in Lathe. This method is suitable for 
small diameter stock that can be placed in the chuck. It locates, centres 
and drills the centre hole in one operation. (Note: Be quite sure the 
tailstock of the lathe is not “setover.”) . 


Diagram (5)—Centering in Lathe by hand method. First locate 
the centre of stock and centre punch deeply then press the work against 
the dead centre while the tailstock pushes the work against the rotating 
drill in the drill chuck fitted direct into the lathe spindle. A dog may be 
used on work to prevent rotation. 


Diagram (6)—Surface Gauge Method. The centre of stock may be 
found on the surface plate by using the surface gauge, as shown. Set the 
height of the scriber point one-half the measured diameter of stock, then 
mark the stock in two positions. The intersection of the scribed lines 
will be the centre of the stock. 
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MOUNTING WORK ON CENTRES. 


Diagram (1) shows work mounted on centres which are dotted to 
locate the centres, but without centre holes. If the work were rotated 
in this condition against a stationary tool, it would immediately be torn 
from between centres, damaging the centres or scoring the end of the 
work. 


Diagram (2) shows work with a hole drilled in the end to prevent 
it from being forced from centres under tool pressure. If the work 
were allowed to revolve, the dead centre would be worn, as shown, with 
the sharp edge of the drilled hole. 


Diagram (3) shows that if the holes were made conical to fit the 
centre the point of the centre would have too much strain and would 
wear off. There would be no provision for lubrication and the particles 
of metal worn off, would work their way out of the hole, eventually 
wearing off the whole of the point, as shown in diagram (6) below. 


Diagram (4) shows that by combining (2) and (38) an ideal con- 
dition is obtained. There is no strain on the weak centre point, the 
greater diameter carrying the load, and there is sufficient bearing surface 
provided to prevent cutting the dead centre. A space is provided in the 
hole for the oil to reduce the friction. 


Diagram (5) shows that metal being turned will naturally expand, 
due to the heat generated by the cutting action of the tool, and pressure 
will occur (in the direction of the arrows) on the centres. Therefore, the | 
dead centre must be adjusted for pressure on the work from time to 
time. ‘The centre should just bear on the work slightly. The slackness 
between centres need only be taken up. If care is not taken in this 
adjustment, friction will develop rapidly, and the centre will be ruined. 


Diagram (6) expresses, by means of a spiral, the effect of friction 
when allowed to develop. Friction generates heat, and heat causes ex- 
pansion. Expansion of metal between the fixed centres of the lathe 
would cause pressure, and increased pressure causes increased friction, 
so that if friction is allowed to develop, it eventually destroys the centres 
and the work drops from between them. 

Note—Beginners should give special attention to this important 
lesson. Friction enters largely into the mechanical field and is the cause 
of great financial loss when the laws of friction are not obeyed. 

It is well to observe the design of bearings, etc., also the provisions 
for lubrication which help to prevent friction, thus keeping down loss of 
power and increasing efficiency. 
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TURNING TO A SHOULDER. 


There are various methods of turning to a shoulder, depending 
largely upon whether the work is held in a clutch or being turned 
between centres. The finishing of the corner at the shoulder also may 
vary, depending upon whether the work is to be threaded to the shoulder 
or left plain. 


Marking the work. The first thing to do is to mark a line at the 
required distance from the end of the work. Chalk the spot where the 
line is intended to be marked, or if the metal is bright use Copper 
Sulphate Solution. The line may be marked with a Hermaphrodite 
caliper or a rule and scriber. 


Diagram (1) shows a method of squaring to the shoulder with a 
parting tool. The tool is set a slight distance from the line on the waste 
side, and fed into the work as shown leaving the diameter a little larger 
than the finished size. The remainder can be finished with a tool as 
shown in diagram (1) B. 


Diagram (2) shows a method of squaring from the end of the stoke 
with a side tool which may be an ordinary high speed steel cutter (a) or 
a special side tool cutter blade (b). Rough turn as shown, then finish 
with a light cut to the dotted line. 


Diagrams (3) and (4) show a general method of squaring to a shoul- 
der. First by roughing, as shown, not quite to the line and second by 
using a special finishing tool A. 


The finishing tool shown at A produces a nice finish on the work. 
It is ground with just sufficient clearance on front and side, and the 
corner is a right angle 4¢” back each way, while the point is slightly 
rounded with an oilstone. 


Diagram (5) shows that in turning a piece of work all over, if a shoul- 
der has to be formed it is best usually to turn to the shoulder first; and 
if driving work between centres put the lathe dog on the reduced portion, 
afterwards cutting through to the shoulder clearance. 


Various types of shoulders. Diagram (6) shows a shoulder with a 
“fillet” which gives a strong corner, but if the reduced portion has to be 
threaded to fit the nut as shown it would be necessary to countersink the 
nut, otherwise it would not fit up snugly to the shoulder. 


Diagram (7) shows a shoulder recessed for clearance so that if Y 
were threaded to the shoulder with a die, the shoulder would be clean in 
the corner and the nut would fit up to the shoulder tightly. 


Diagram (8) shows another method of putting in “thread clearance” 
or “necking” as it is sometimes called. This cut is made with a parting 
tool. 

Diagram (9). The round corner illustrated here makes a stronger 
corner than (7) or (8). 

Depth of thread clearance should be equal to the pitch of a thread, 
so that the depth of the cut will be greater than the depth of the thread. 
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TURNING TO DIAMETER AND KNURLING. 


The making of a simple set screw will illustrate the sequence of 
operations for turning to diameter and introduce the beginner to the 
operation of knurling. The universal chuck is used to hold the work and 
the material used is machine steel. Just sufficient material should be 
allowed to protrude from the jaws of the chuck because if the work 
projects beyond the required distance a “chattered” surface will likely 
be produced. 


Cutting speed. Proper cutting speed should be ascertained before 
starting the work; this is obtained by application of the lesson on cutting 
speeds (page 118). The belt is then moved to a suitable step on the 
cone pulley and the work rough and finish squared as shown in dia- 
eram (3). Before turning to diameter as shown in diagram (4) it is 
necessary to mark the work by first coating it with copper sulphate and 
scribing the line the correct distance from the end with scriber and rule 
or Hermaphrodite calipers as shown on page 55. 

After rough turning and finish turning by taking a very light cut 
the next shoulder is marked and the stock is turned down to size to the 
shoulder diagram (5). (See methods on page 63). 


Diameter of work for threading. The tendency with the average be- 
ginner is to turn parts that have to be threaded, oversize. If a plain 
piece of stock the exact size of a hole cannot enter it without foree being 
applied surely an oversize piece of stock cannot enter the hole. The 
same applies to threaded work. It is much easier to make the diameter 
of the work to be threaded slightly smaller than the nominal size, so that 
when threaded with the die it will fit easily into the tapped hole. 


The threading as shown in diagram (6) is dealt with on page 21. 


Knurling. Diagram (7). When a suitable knurling tool is selected 
it should be set up at right angles to the work and the knurls fed into 
the work while it rotates. Do not feed the knurl until a full diamond 
appears on the work. Use lard oil and usually one “pass” over the 
work is sufficient. 


Cutting off. A parting tool may be used to cut off the stock as shown 
in diagram (8). It should cut a distance from the chuck less than the 
diameter of stock. Some beginners have trouble in using a parting tool, 
chiefly because they do not feed the tool in steadily. Light cutting tends 
to cause chatter. Use plenty of lard oil or cutting compound on the tool 
while cutting. 


Finish facing. If a finer finish than that left by the parting tool is 
required, the work may be threaded into a suitable holder, which can be 
held in the chuck as shown in diagram (9). 


Sequence of operations. There are many ways of doing work and the 
beginner is advised to study the order of operations on the work before 
starting. ‘This sheet illustrates the sequence or order of carrying out the 
operations in the making of the set screw shown in diagram (2). 
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FACING, TURNING AND RECESSING CAST IRON. 


Castings as they are received from the foundry are not perfectly 
round and sometimes they have projecting pieces of metal which should 
be ground off. This operation is known as “snagging”. Cast iron is a 
soft metal and easy to machine, but it has a very hard skin on the outside, 
which has to be removed first by a reduced cutting speed. Castings are 
often pickled to loosen particles of sand and to make machining easier. 


The job shown in diagram (1) is best set up in a 4-jaw Independent 
chuck because it is possible to adjust the jaws independently and hold 
the work so that it will run true. The beginner will find difficulty at 
first in using an “independent” or 4-jaw chuck and it is perhaps ad- 
visable for him, if the work is not very much out of round, to use a 3-jaw 
universal chuck, as shown in diagram (2). 


To true work as held in diagram (1). Hold a piece of chalk steady 
against the work in rotation and where the chalk marks the work will be 
a high spot. The jaws must be adjusted until the chalk marks regularly 
around the work. When the work is running true, a rough facing tool 
is used to cut off the hard skin. The tool should be so placed so as to cut 
approximately at right angles to the skin as shown in diagram (3). 
Afterwards finish facing as in diagram (4). Faces (a) and (b) may 
be finished in this way, then (c) can be turned as in diagram (5). 


Spotting before drilling. If a small drill were used without first 
“spotting” the face it would have a tendency to spring off the centre of 
rotation of the work and probably break the drill or drill the hole out 
of line. A spotting tool as shown in diagram (6) may be used, held in 
the tool post or an ordinary combination drill which is short and rigid 
as shown in diagram (7). Once a slight conic recess has been made in the 
work the drill will follow in the true location as shown in diagram (9). 
After tapping as explained on page 22, the work can be held in the 
chuck on the surface (c) and the part (d) turned, while the face (e) is 
turned and faced. (See diagrams 10, 11). 


Facing. It is advisable when facing to lock the carriage and have 
the compound rest in position on the angle, so that the tool can be fed 
into the work and finish faced by operation of the cross slide, which will 
make the face (e) flat. 


Recessing. Diagram (12). If the face (e) has to rest on a flat surface 
in use, it is advisable to recess it, so that the points of bearing are as far 
away from the centre as possible making it steady in use. 
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TURNING AND DRILLING BRASS. 


To turn brass. Brass is a copper zine alloy, and ranges in hardness 
from soft yellow brass to hard bronze. The work is turned at high speed 
and tools are used with no rake, owing to the tendency of the tool to dig 
into brass because of its softness. For turning, a sharp pointed tool is 
used with a small round nose as shown in diagram (2), and a nice finish 
ean be obtained with a fine feed machined dry. 


Diagram (1) illustrates a job in the form of a small match box, which 
involves the carrying out of the following operations :—Turning, Squar- 
ing, Drilling, Knurling, Cutting off and the making of a simple push fit. 


Diagram (2) shows the first operation with the work driven with a 
3-jaw universal chuck. It is necessary to-turn the work to the correct 
diameter to obtain a true running surface before knurling. 


Diagram (3) shows the spotting operation which can be accomplished 
with a combination drill held in the drill chuck in the tailstock spindle or 
a spotting tool held in the tool post. This operation is necessary to 
provide a correcting aligned centre for the drill. 


Diagram (4) shows the knurling operation. It is comparatively easy 
to knurl brass, owing to its softness. Use a fine feed and one pass over 
the work will produce a good knurl. 


Diagram (5) shows the drilling of the brass. It is better to use a 
straight fluted drill for this operation because it does not dig into brass 
as a twist drill does. If a straight fluted drill is not available a twist 
drill can be used with a small flat ground at the cutting edges parallel 
to the axis of the drill (see page 36 on drills). 


Diagram (6) shows the cutting off operation. If the cutting edge of 
the parting tool is slightly inclined to the axis as shown, the work will 
be cut off clean without leaving a projection on the finished work as it 
is separated. 


Diagram (7) shows the turning and squaring of the body. The 
squaring tool has a small 60° angle at the point. It is set in such a 
position that the cutting side is slightly inclined towards the headstock 
to undercut, so that when operated outwards from the work a square 
shoulder and face is obtained by the cross feed. Note. Fit reduced 
shoulder by trial to the hole drilled in the head. 

The operations shown in diagrams (8), (9), (10) and (11) are 
similar to those previously explained. If a high polish is required it is 
best to polish with abrasive cloth before knurling. 
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USE OF COMPOUND SLIDE REST. 


Carbon tool steel as it is purchased in rods or bars is usually 
annealed, which saves much time before machining. The stock can be 
cut off in a power saw or nicked with a file and broken off in the vise; 
afterwards it is advisable to grind the end before squaring. It is neces- 
sary to be quite sure that the steel is of the correct carbon content, other- 
wise the time spent machining will be wasted, because the steel must be 
suitable for the kind of work it has to do. 


Carbon tool steel is so expressed because most of the best cutting 
tools to-day are made of High speed steel and it is necessary to differ- 
entiate between the two kinds of tool steel. Carbon tool steel is not easy 
to turn; it offers an increased resistance to cutting which is quite 
noticeable after machining machine steel. The tools therefore have a big 
eutting angle to support the cutting edge. 


Cutting speed. It is advisable to look up suitable cutting speeds in 
tables provided (see page 158) and calculate the proper R.P.M. for the 
lathe before starting to work, otherwise the tool will soon lose its 
eutting edge. 


Cutting lubricant. A cutting lubricant should be used when turning 
steel to prevent excessive friction, and to conduct away the heat, thus 
preserving the point of the tool and producing a smooth finish on the 
work. Lard oil or some other cutting compound which ean be pur- 
chased ready mixed is suitable for a cutting lubricant. 


Diagram (1) shows a centre punch which will illustrate the turning 
of steel and the use of the compound rest. After squaring as shown in 
diagram (2) it is necessary to adjust the compound rest to the angle 
required as shown in diagram (4). 


Setting the compound rest. Loosen the bolts holding it to the cross 
slide and swing it to a position so that the compound rest screw is 
parallel to the lathe alignment. Note the angle opposite the zero 
mark, then swing it a number of degrees equal to one-half the included 
A, diagram (4), as shown by angle B which is the angle to which com- 
pound rest is set and fasten securely in position. It is convenient to cut 
the angle as shown in diagram (4) from the right side, operating the 
screw on the compound rest with the right hand similar to diagram (7). 
If the compound rest were swung to the left as shown in diagram (8) 
to cut the smaller angles, the operator’s hand would be too close to the 
chuck; therefore for the smaller angles it is better to cut them when 
the compound rest is in position as shown in diagram (7) operating the 
screw with the right hand. 
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LATHE CENTRE ALIGNMENT. 


Approximate method of checking lathe centre alignment. Setting the 
centre of a lathe in alignment by approximate methods are shown in 
diagrams (1) and (2). These methods of checking may be satisfactory 
for some work, but generally, it is better to set the lathe so that work can 
be done at least to one thousandeth of an inch variation in diameter. 


Accurate method, diagram (3). If a proof bar is placed between 
the centres of a lathe, and a lathe test indicator is set up in the tool 
post, any offset of the centres will readily be noted when the indicator 
is moved along the bar while it is in rotation. 


Note.—A proof bar is accurate to diameter throughout. 


Accurate method, diagram (4). Take a piece of stock with centre 
holes in it and mount on the lathe centres. Be quite sure that the centres 
and sleeves are in the same position as when they were turned or ground; 
this is usually denoted by a mark on the spindle, sleeve and centre. Press 
the centres down solidly in the tapered holes of the lathe spindle and tail- 
stock spindle, then adjust lightly the pressure of the centres on the 
work and lubricate the dead centre. 


Turn a portion of the shaft at A wide enough to allow the caliper 
or micrometer to measure the diameter. Do not disturb the setting of 
the tool but remove the work from between the centres and move the 
carriage towards the dead centre to allow the work to be replaced on 
centres. Turn a portion at B. Now if the lathe centres are in alignment, 
the diameter of the work at A and B will be the same. If any variation 
of diameter is noted the lathe centres are not in alignment and must be 
offset until the trial cuts at A and B produce the same diameter in the 
work at each end. 


Centres out of alignment will produce work as shown in diagram 
(5) or (6) when the work is turned half way from each end by reversing 
the work on centres. 


Live centre not running true. Occasionally the live centre or sleeve 
may be damaged or small chips may be lodged between them. This will 
cause the centre not to run axially true, and will tend to produce work 
as shown in Diagram (7). It is therefore very important to clean the 
spindle, sleeve, and centre, before assembling and exercise care in 
preventing them from damage. 
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TAPER TURNING. 


Diagram (1) shows the various parts of a taper. 
(a) Taper per foot. 
(b) Diameter of large end. 
(ec) Diameter of small end. 
(d) Total length of work between centres. 
(e) Length of tapered portion. 
(f) Angle of the taper. 

Diagram (2) and (3)—Comparative setover of equal tapers. Dia- 
gram (2) shows two pieces of work of equal taper but not of equal 
length. Diagram (3) shows that to put (a) and (b) in alignment with 
the lathe the setover of the longer piece (b) is greater than the setover 
of the shorter piece(a). 

Tool position for taper turning. The tool should be set exactly on 
centre to produce straight work as shown in Diagram (4). If the tool 
is set above the centre as shown in Diagram (5) curved work will result. 

Method (1)—To set over the tailstock to the distance calculated, 
unclamp the tailstock and turn the adjusting screws to move the dead 
centre towards the operator. Watch the marks on the tailstock and 
measure the setover distance with dividers or rule. 

Method (2)—A more accurate method of offsetting the tailstock is to 
use the calibrations in 1/1000 of the cross slide. Run the cross slide in 
towards the work until the tool pinches a piece of paper as shown in 
Diagram (6). Next take up the “Backlash” or lost motion in the cross 
feed screw and note the graduation on the collar. Turn the screw of the 
cross slide until the setover amount is registered, then adjust the tail- 
stock by the adjusting screws until a piece of paper is pinched against 
the tool setover shown in diagram (7). This is the required offset, now 
lock the tailstock in position. 

Note.—Be quite sure that the lathe is in perfect alignment before 
measuring the setover. 

Testing the taper. External tapers are tested to an external or 
“Taper ring gauge” or to the sleeve or spindle it is intended to fit. To 
do this mark chalk lines or Prussian Blue oil paint on the work as shown 
in Diagram (8) and partly turn in the gauge. If the chalk marks rub 
off as in Diagram (9) it will be too big at the small end, if, as in 
Diagram (10) too big at the large end, while Diagram (11) shows a 
satisfactory test with the chalk mark rubbed off evenly. ' 

To duplicate a taper place the tapered piece between centres and use 
a test indicator to check correct setover to produce the same taper. 

Fitting the taper. If the taper does not fit it may be necessary to 
make a slight adjustment in the setover and for this reason the work 
should always be tested while oversize, then finished to correct diameter 
when the taper has been proved to fit. Slight variation of fit can be 
remedied by a little filing. 

Measuring the setover by the cross slide. If the cross feed screw 
has 8 threads per inch as shown in Diagram (12) then— 

1 revolution of screw=14” or .125”. 
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THE MICROMETER. 


The micrometer is designed to measure accurately to thousandths of 
an inch and a micrometer can also be provided with a vernier to read to 
ten thousandths of an inch. To-day, it is not sufficient to rely on the 
correctness of reading measurements by checking line to line as is the 
case with the steel rule. Science has introduced mathematical arrange- 
ments whereby one is assured of a mechanical accuracy. The screw 
thread is the mechanical means provided to give the fine movements of 
the micrometer screw so that in conjunction with its fine divisions the 
micrometer will read to thousandths of an inch. 

Diagram (1) shows a diagonal scale which, by the application of the 
Principle of Proportion, we are enabled to read to one hundredth part of 
an inch. The principle underlying its use with the micrometer is shown 
in its primary form in Diagram (2). If a triangle is constructed, as is 
shown, and the base (a.b.) is divided into any number of parts 
(say 25) then the vertical line (e.f.)=%, of (b.c.). Any screw thread 
is similar to an inclined plane wrapped around a cylinder, as shown in 
Diagram (2) where (a.b.) equals the distance around the cylinder. If 
we suppose that— 

(b.c.)=%4 0” or the pitch of a micrometer screw 
then—(e.f.)—=545 of %o” or %5 of .025’7—=.005”. 
so that the first vertical line—%; x .025”—.001”. 


The micrometer construction—Diagram (3). The spindle of the 
micrometer, which is concealed, has 40 threads per inch, so that, if 
the spindle were rotated once, it would move a distance of 49” or .025 
or 25 thousandths. 

The Thimble (7') has a knurled face, to facilitate its rotation with 
the fingers, and has on its beveled edge 25 marked divisions in groups of 
5, so that, as the thimble rotates equally with the screw, 1 revolution 
equals the movement of the screw, or 25 thousandeths. If starting from 
the mark O on the thimble, in line with the line on the barrel we move 
the thimble to the next mark in line with the barrel, the screw will have 
moved 145 of .025”—.001”. 

The Barrel has a line from which the thimble measurements are 
checked, and this line is divided into small divisions and units, as from 
0 to 1, which includes 4 small divisions. To find what these divisions 
represent, move the thimble till 0 on the thimble corresponds to 0 on the 
barrel. Now, turn the thimble 1 revolution from 0 to 0 and you- will 
observe that small divisions of the barrel equal 1 revolution of the 
thimble and screw, or .025” or 49”. 

Since 1 small division on the barrel=%o” 

then 4 ce ce “ee ce = "= 9”. 


To read micrometer. Use it as illustrated in Diagrams (4) and (5). 
First note the number of tenths exposed, then the number of fortieth 
divisions that is— 

Finally, read the number of divisions on the thimble and then add all 
together 
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QUESTIONS ON LATHEWORK. 
What are the main parts of a lathe?-7# ~~ 
How many spindle speeds can be obtained on a lathe which is 
single back geared with a 4 ive, pulley? een 3A 
3. Is the speed cone of a lathe fastened to the spindle? Hoe can the 
spindle of a lathe be driven? J ee 
4. How is the size of a lathe obtained ?211 rr Vd PO 
AD To G4 
5. In what different ways can lathework be driven? { 7, i 
6. Why is the main spindle of a lathe made hollow %&év, 
7. What parts of a lathe would you oil before starting to work? 
8. Why is one centre called a “dead” centre and one_a “live” ¢ ntre? 
Which centre should be hard? Why? ce yb, re 
_ 9. What are the names and uses of the various lathe tools? Vr thie! 
10. Which is the safest and best position for the tool post when (avning & 
work held in a chuck? 
11. What is the effect of a lathe tool being set on centre, below centre 
or above centre? Which is the best position and why? 
12. When a tool is pressed into the work by chip pressure how can this 
defect be overcome? eee! 
a Al LLELAA VAcs/W 
18. When would you use (a) A era chuck ? (b) ae Independent 
chuck? (c) A Faceplate? 
14. What kind of a tool would be used for eet work? How would 
the tool be placed in relation to the work? ia 
15. What are the various methods of turning to a saticg Sita 
16. What do you understand by saehees of operations”? Why is it 
advisable to plan operations before starting to work? 
17. What precautions are necessary in turning the following metals :— 
(a) machine steel, (b) cast iron, (c) brass, (d) tool steel? 
18. Why is the nose of the main spindle of a lathe threaded ? 
19. What are the “ways” of a lathe used for? 
20. If the tailstock of a lathe is offset or setover how would it be put 
back in alignment? 
21. What is the danger if the reverse clutch is thrown in when a chuck 
is loose on the spindle nose ? 
22. Why is it necessary to square the end of stock before turning on 


lathe centres ? 
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23. 


24, 


20. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 
33. 


34. 


35. 
36. 


37. 
38. 


What method of Squaring may be adopted for (a) Stock of small 
diameter? (b) Stock of large diameter? Which has to be turned 
on lathe centres? 


Why is it necessary to drill centre holes in stock? What is the 
shape of the hole, and what is the best tool to use to obtain it? 


How is work centred in the lathe by “hand”? .What precaution 
must be taken to prevent breaking the drill? 


What precautions must be taken to prevent the “dead centre” of a 
lathe from being damaged when turning work between centres, 


What causes the friction between the rotating work and the dead 
centre of a lathe? 


Why is it necessary to exercise care in locating the centre of stock 
to be turned on lathe centres, 


What tools may be used to locate the centre of stock? How are they 
used ? 


Why must lathe centres be in line? What is the effect if the lathe 
centres are out of line? 


What precaution must be taken in setting up the sleeve and live 
centre in the lathe spindle? 


How should work be adjusted between centres? 


How are lathe centres “aligned” (a) Approximately? (b) Ac- 
curately ? 


What methods may be used to measure the setover of the tailstock 
for taper turning. 


How can tapered work be tested for accuracy ? 


Which would require the greatest setover, a short piece of work or 
a long piece of work if both had the same taper per foot: 
How must the tool be set for taper turning? Why? 


What is the relation between the operation of the micrometer and 
the operation of the crossfeed screw of a lathe with a graduated 
collar? 
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PLANING IN THE SHAPER 


THE SHAPER. ‘ 
/ The shaper. The shaper is used chiefly to produce flat surfaces. It 
is very suitable for small work while the planer is designed to operate 
on the larger work. The work may be held in the vise which is bolted 
to the work table or it may be fastened direct to the table itself. 


There are many designs of shapers used, but of the column shapers 
similar to the one illustrated here, there are two types, geared shapers, 
and crank shapers. 


The geared shaper. The ram is driven by a gear meshing with a rack 
on the bottom of the ram, also with a means for the quick return of the 
stroke. 


The crank shaper illustrated here is driven by a crank motion with 
a means provided for the quick return of the stroke. 


Size of the shaper is governed by the size of work the machine can do. 


‘ A 16” shaper will plane work 16’x16”x16”. 


Transmission of power to the‘ram. The belt from the countershaft 
drives a cone pulley on the machine driving shaft. Inside the column 
there is a sliding pinion and gear which can be moved by the gear shift 
lever to connect a gear or a pinion on an auxiliary shaft giving the high 
and low speeds, so that the machine shown has 3 low speeds and 3 high 
speeds because the speed cone has three steps. The auxiliary shaft con- 
nects to the crank through the meshing of the gears of the auxiliary 
shaft and the outer part of the crank which has gear teeth. The crank 
pin moves in a slot across the face of the crank. If on the centre of the 
crank there is no “throw” the ram consequently does not move. If moved 
off centre of the crank through the crank pin adjusting screw there is a 
“throw” and this throw acting on the pin which moves in a slot of the 
driving lever, forces the driving lever to move or oscillate. 


The driving lever is pivoted at the low-end on its fulerum and the 
other end of the lever is connected to the ram screw while the crank pin 
exerts pressure between the two points as the crank rotates. 

\ an 
“ The rdm now is forced to move backwards and forwards in a straight 
line and because the crank pin acts nearer the pivot of the driving lever 
in one portion of the crank rotation the ram is given the quick return. / 


The position of the ram with regard to the work depends upon the 
position in which the driving lever is connected to the screw inside the 
ram. If it holds at the front of the ram the stroke is near the column 
of the machine. If it holds at the back of the ram the stroke is further 
from the column. 
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THE SHAPER 4 


The feed mechanism illustrated in the diagram receives its movement 
first from an eccentric driven by the crank spindle. The eccentric is 
connected by an eccentric strap to the reversing or rocking lever which 
rocks about a central pin. The face of the lever is tee slotted and a tee 
bolt adjusted by a knob can be fastened in any position required. If 
moved off centre the feed increases, and if put on the opposite side of 
its centre the timing of the feed changes. 


The table can be raised or lowered by operating the elevating screw 
and can be moved away or towards the operator by hand through the 
erossfeed handle or mechanically through the feed mechanism. 
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THE FEED MECHANISM OF THE SHAPER. 


The shaper is designed to move slowly on the forward or cutting 
stroke and quickly on the return or non-cutting stroke. The feed should 
operate when the tool is on the return stroke. 

The direction of feed is governed by the way in which the tool is 
ground as can be noted by comparing diagrams (1) and (7). The tool 
moves in a straight line and the work must be moved in a direction at 
right angles to the direction of the cut as shown in diagrams (1)\and (2). 

Timing the feed. The feed can be made to act when the tool is 
eutting or when the tool is not cutting. If the feed occurs while the 
tool is cutting the feed mechanism would be operating under an un- 
necessary load, therefore it should always occur at the time that the 
tool is not cutting. 

Mechanism provided for timing the feed. A rocking lever or rever- 
sing mechanism is operated from the centre of the crank rotation, and 
rocks back and forth about its centre at the same time that the ram moves 
backwards anl forwards. A Pawl which operates the feed ratchet is 
connected by a rod to the rocking lever, the rod end A being adjustable 
on or off centre on each side of the rocking lever. 

The amount of the feed is governed by the distance A is adjusted off 
centre as shown in diagram (5). If A is fastened near the centre B the 
feed will be reduced but if A is fastened out from the centre the feed 
will be increased. 

The forward stroke for tool A is illustrated in diagrams (1), (3) 
and (5). 

(a) The tool is cutting forward diagram (1). 

(b) The pawl is returning free diagram (3). 

(ec) The lever at A is moving counter clockwise diagram (5). 

The return stroke. 

(a) The tool is returning free. 

(b) The pawl is feeding the ratchet diagram (4). 

(c) The lever at A is moving clockwise diagram (6). 

The effect of the tool on the feed mechanism. Diagrams (7) and (8) 
show the tool B cutting in the opposite manner from the tool A in dia- 
grams (1) and (2). This means that if A diagram (5) were allowed to 
remain in the same position on the rocking lever the feed would occur 
when the tool B is cutting. 

To correct the timing of the feed for the tool B, the point A is moved 
to the opposite end of the lever as shown at A in diagram (11). 

The forward stroke for tool B is shown in diagrem (7), (9) and (11). 

(a) The tool is cutting forward diagram (7). 

(b) The pawl is returning free diagram (9). 

(c) The lever at A is moving counterclockwise diagram (11). 

The return stroke. 

(a) The tool is returning. 

(b) The pawl is feeding the ratchet diagram (10). 

(c) The lever at A is moving clockwise diagram (12). 
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PLANING A SMALL BLOCK IN THE SHAPER. 


The block shown in Diagram (1) is to be machined all over. Owing 
to its size it is one of the simplest operations for a beginner. The vise 
which is fastened by bolts to the top of the knee of the shaper is used 
to hold the work. 


Holding castings in the shaper vise. The surfaces of rough castings 
are very hard and irregular and if placed in the vise they will mark the 
faces of the vise jaws and make them rough and inaccurate for fine work. 

It is advisable when the work is rough to place a piece of cardboard 
between the work and the face of the vise, this accomplishes two things :— 

(1) It holds the work securely preventing slipping. 

(2) It forms a cushion for the various irregularities on the work, 
and therefore the vise exerts a pressure over a greater area. 


Direction of cut on work. It is quicker to plane a surface cutting 
in line with its length than in line with its width, although the work is 
far more rigid when being cut against the vise jaw; but the friction 
when held between the jaws is usually sufficient to hold the work when 
cutting lengthwise. 


Order of operations. The sequence or order of operations is shown 
in diagram (1) and detailed in the various positions of the work as shown 
in diagrams (2) to (8). 

Set up work in the vise as shown in diagram (2) with cardboard 
between it and each face of the vise. Test to see that the block rests 
solidly on the parallel and with a surface gauge test to see that the 
upper surface is approximately parallel with the top of the vise. Adjust 
the speed and stroke of the machine. 

Note :—The skin of cast iron is very hard and therefore a suitable 
speed must be obtained; after the skin has been removed a faster cutting 
speed may be used. 


Finish of the work. A finishing tool need not be used in the first 
planing exercise, therefore the finish of the work will depend upon the 
fineness of the feed. 


To plane faces at right angles to each other. When No. (1) face has 
been machined it should be placed against the fixed jaw because it is the 
most accurate jaw being always stationary. Nothing should be placed 
between the face of the job and the fixed jaw face to ensure accuracy. 


To prevent work lifting when being tightened in the vise, a round 
bar is sometimes used between the movable jaw and the work so that 
when pressure is applied the bar will roll against the work. 


Squaring ends of the block. For a small block as illustrated in 
diagram (1) it is possible to square the ends by standing the block up- 
right in the vise as in diagrams (7) and (8), but larger blocks sone to 
be squared by the downfeed as will be illustrated later. 
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FINISH PLANING AND DOWN FEEDING ON SHAPER. 


After completing the first lesson on planing detailed on page (90) 
the next step will be explained, taking for an illustration the planing of 
a flat block diagram (1) of cast iron which is too long to set up on end in 
the vise, to finish square the end. The end is squared by projecting it: 
beyond the end of the vise and using the down feed of the swivel head 
when set in a vertical position. 


Diagrams (2) and (8), page (91), show the rough planing, which 
leaves the surface of the metal serrated even with a fine feed. Notice 
that the tool bit is in front of the toolholder for heavy cutting to give 
rigidity to the tool. 


¢<— Finish planing. Very light cuts are used for finish planing and the 
tool is placed at the back of the toolholder as shown in diagrams (2) 
and (3). It will be observed that the cutting edge of the tool is slightly 
behind ihe last point of support given by the tool post to the toolholder, 
so that under chip pressure the tool will spring away from the work, 
leaving a smooth finish. 


Setting the tool for finish planing. Place a strip of paper between 
the tool cutting edge and the surface of the work and operate the down 
feed while the machine is stationary until the tool touches the paper. 

WV Allow two or three thousandths for the cut, and finish plane the surface 
with the finishing tool. 


Squaring the ends with the down feed, diagrams (4) and (5). The 
end of the block should project slightly beyond the edge of the vise and 
near to the top of the vise. Select a suitable tool for cutting down, but 
notice particularly that the tool face A B is a least square or inclined to 
the surface being machined. If the tool were used as indicated by line 
C D the tool would be forced into the work by pressure on the side of the 
tool and the surface would not be square. 


Finishing squaring the ends of the block. After rough squaring by 
down feed if the side of the tool near the work is inclined 3 or 4 degrees 
to it a smooth finish can be obtained by finishing the surface with an up 
feed as shown in diagram (6). A special side tool may be used as 
shown in diagram (6A), which cuts with a shear cut and leaves east 
iron very smooth and square. 


Position of apron swivel. On the return stroke the tool lifts as it 
comes in contact with the work, and moves in a plane at right angles to 
the hinge pin; this means that if the apron swivel were in a vertical 
position as shown in Diagram (7) the tool would scrape the surface of 
the work. If in position as shown in diagram (9) the tool would lift into 
the surface of the work and probably break the tool and spoil the work, 

Diagram (8) shows the correct position for the apron swivel for the 
down cut illustrated. When the tool returns it lifts away from the work 
and will not rub. 


Rule :—Always set the top of the apron in a direction away from 
the surface being cut. 
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QUESTIONS ON PLANING ON THE SHAPER. 


What is a shaper used for? 

Describe two types of shapers. 

What do you understand by a 16” shaper? 
How are the speeds of the shaper obtained ? 


How does the rotation of the crank change into reciprocation of 
the ram ? 


What makes the return stroke of the ram quicker than its forward 
stroke? 


How is the position of the ram changed forward or back? 


From where, and how, does the feeding mechanism receive its 
movement ? 


What influence does the tool have on the direction of the feed? 


If the feed occurs when the tool is cutting, how could you change 
it and why is it necessary to make the change? 


How is the amount of the feed varied ? 

How would you change the feed from clockwise to counterclockwise ? 
How would you hold a small east iron block in the shaper vise ? 
Name the order of operations for machining a small cast iron block. 
How would you prevent work lifting in the vise? 


Why are two parallels used when setting up a block in a shaper 
vise ? : : 


.. How is a tool used to finish plane work? How much cut is taken 


when finish planing ? 

How is the planing tool set for down feeding? 

What is the best tool for finishing a vertical face? 

How is the apron swivel placed when vertical feeding? Why? 
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MILLING 
THE UNIVERSAL MILLING MACHINE. 


The milling machine was first designed for the purpose of forming 
the spiral flutes in twist drills, but since that time the machine-has been 
improved and has many other uses. Fundamentally, the machine to-day 
is similar to the one first developed by Mr. J. R. Brown, of the firm of 
Brown & Sharpe. 

The work is held on the table by various devices and is fed against 
the revolving cutter which has usually several cutting edges, each tooth 
cutting away a portion of the material and producing on the work a 
shape similar to the form of the cutter. 

The cutters are made in different forms to produce work of regular 
or irregular shapes, to cut grooves and keyways, tee slots, to groove taps, 
reamers and drills, and to cut gears, ete. 

The machine is usually driven from a countershaft by belt to the 
speed cone and so direct to the spindle, or through gears similar to a 
lathe to obtain a further range of spindle speeds. 

The table is fed past the rotating cutter automatically or by hand, 
and the rate of the feed is controlled by a feed changing mechanism 
which is sometimes driven independent of the spindle speeds, thus giving 
a great range of feeds with regard to the spindle speeds. 

The table can also be fed transversely, that is, to or from the column 
by hand or automatically. A vertical movement can also be given to the 
table by hand, and on some machines by power. The table can be 
swivelled horizontally when required, as in fluting twist drills. 

The column of the machine carries on its front slide the knee, which 

supports the table, and the knee is supported from the base of the machine 
by a telescopic screw by which it can be raised or lowered. 
V4The index head is sometimes fastened to the table and can be geared 
to the screw beneath the table so that work can be fed past the rotating 
cutter while the work itself is being rotated at a desired rate, thus pro- 
ducing a spiral cut. 

The Index head is also used for dividing work into an equal num- 
ber of parts as in cutting the teeth of a gear. 

A Chuck can be fastened on the index head spindle to hold work for 
indexing, as in squaring the head of a bolt, when the index head is 
swivelled in a vertical position. 

The vise is often bolted to the table to hold work to be milled. 

The arm can be moved in and out of the column and it carries on its 
outer end the outer arbor bearing support. When heavy work is being 
done, arm braces are used to support the arm from the knee. 

The arbor fits into the Brown & Sharpe tapered hole of the spindle 
and receives also the support of the outer arbor bearing. The cutter 
is fitted to the arbor, being driven by the friction of the collars which 
are tightened on the cutter by a nut on the end of the arbor, or, if 
under great strain, the cutter can also be keyed to the arbor. 
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MILLING ARBOR AND CUTTERS. 


Milling machine arbor. There are different styles of arbors suitable 
for light or heavy work. The arbor shown in Diagram (1) is the general 
type used, and is suitable for heavy work. It fits into the spindle of the 
machine with a Brown & Sharpe taper. A drawing-in bolt passes 
through the spindle to hold the arbor securely to the spindle. The arbor 
is backed out by the backing out nut shown in the diagram. The other 
arm bearing supports the outer end of the arbor and the arbor is pro- 
vided with an inner bearing for greater arm support. 

Collars of various sizes are used to accommodate the cutters, and 
must be kept clean and accurate to give the cutter an even support when 
the nut is tightened on the end of the arbor. <A key is sometimes used 
to give greater security to the cutter when doing heavy work. 


The plain milling cutter, diagram (2), cuts a plain surface parallel 
to its axis. Cutters over 34” in width have helical teeth to prevent 
chatter; cutters less than 34” have straight teeth. Diagram (3) shows 
a small plain cutter used for grooving, cutting keyways, ete. 


Angular cutters, as shown in diagram (4), cut surfaces which are 
inclined to the axis of the cutter, and are made with various angles as 
45°, 50°, 60°, 70°, 80°. Clearance is ground on the face and side of the 
cutters. 


Slitting saw, as shown in diagram (5), is used to cut off stock and to 
slit work. An example of this may be seen in a lathe footstock. 


End mills, as shown in diagram (7), cut on the periphery and at the 
end, and are used for squaring ends to a shoulder and for slots and some 
keyways. End mills over 54” diameter usually have spiral teeth on the 
periphery. 


Right and left hand cutters. Milling cutters may be made right 
hand or left hand accordingly to the direction in which the cutter revolves 
to cut when observed from the back or shank end of the cutter. <A left 
hand end mill has a right hand spiral and vice versa so that reaction 
from the cutting tends to tighten the cutter in the spindles. 


Note:—When mounting milling cutters on the arbor great care 
should be exercised to see that the arbor, collars and eutting are clean. 
When the cutter is in operation it will be noted that the teeth do not 
always cut equally, that is, the periphery of the cutter runs slightly out 
of true. 

The periphery of milling cutters are ground concentric with the hole 
passing through the centre, and if the cutters are turned slightly on 
the arbor, sometimes a better position can be found. 

An attachment to grind the cutter when fastened on the arbor 
would guarantee even cutting on all teeth but this would be rather 
inconvenient when cutters are changed often. 
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MILLING A PLAIN CAST IRON BLOCK. 


One of the simplest operations for a beginner is to mill all the 
surfaces of a cast iron block. It involves the use of the vise which is 
bolted to the table and also the use of a plain milling cutter of sufficient 
length to cover the widest cut. 


To produce surfaces that are parallel, is not quite so easy as it may 
first appear, and, therefore, every care should be taken in setting up the 
work. Cast iron, although a comparatively easy metal to cut, has a hard 
skin, and care should be taken to see that the casting is pickled before 
taking a cut. Otherwise, the milling cutter will be dulled. 


The setting up of the block is similar to the set up in a shaper vise. 
If the work is placed too high in the vise, as shown in diagram (1), 
chattering may result. Diagram (4) shows the work held low down in 
the vise to give rigidity. If the parallels are placed with a space between 
it will be possible to measure the work. The piece of round stock is 
placed between the vise jaw and the work as shown in diagram (2) to 
prevent the work from lifting from the vise seat under the pressure of the 
vise. A piece of cardboard may be placed between the rough side of the 
work and the vise jaw, as shown in diagram (3). This absorbs the 
irregularities of the casting and distributes the pressure evenly on the 
block, and also prevents the vise Jaw from damage. 


The faces of the block are milled in the order shown by the numbers 
in diagrams (1) to (4). It is advisable to check up the vise jaws to see 
that they are at right angles to the arbor after the vise has been set to the 
graduations marked on the base, as shown in diagram (5). 


The work should be fed in the opposite direction to the 
rotation of the milling cutter, as shown in diagram (7), for two 
reasons. If the work is fed as shown in diagram (6), the cutter will tend 
to climb on the work and thus probably ruin the cutter. If the cutter 
comes first in contact with the hard skin it will be dulled. It should 
always cut under the hard skin as shown in diagram (7), and thus pry 
it off. 


In squaring the ends of the block by the use of the vertical feed, the 
work should be fed upwards so that the cutter will press it against the 
seat of the vise, as in diagram (8). If the feed is operated downwards, 
the cutter will tend to lift the block from the vise seat. 
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MILLING A VEE BLOCK. 


The cast iron block should first be machined on all sides and ends, 
as explained in the milling of a plain block. 


When setting other cutters to cut from a finished surface, it is 
advisable to use a strip of paper .003” in thickness and rotate the cutter 
while the work is raised by the vertical feed until the cutter pushes the 
paper from the surface of the work, as shown in diagram (1). Allow 
for the thickness of the paper in adjusting the cutting depth. 


Diagram (2) shows the method of squaring the ends of the block by 
operation of the vertical feed. 


Diagram (3) shows a small groove cut in the block previous to cutting 
the angular surfaces of the vee. This will simplify the work of angular 
cutting for a beginner. 


Diagrams (4) and (5) show the position of the cutter and the work 
for cutting the angles. It is necessary to set the vertical face of the 
eutter exactly central with the block before starting the cut, and to 
adjust by the vertical feed until the cutter cuts to the correct depth, 
which can be noted by a scribed line on the upper surface of the block. 
Use the automatic long feed to finish the cut. Then reverse the block, 
and if the cutter was correctly set central as in diagram (4), the second 
cut, as shown in Diagram (5), will be central also. 


Diagrams (6) and (7) show the grooving operation. Care must also 
be taken here to set the cutter central with the face of the block. This 
may be accomplished by using a rule against the side of the cutter, 
measuring the distance to the edge of the block, which should be half 
the width of the block minus half the width of the cutter. 


Diagram (8)shows the cutting off operation by means of a slitting 
saw of such a diameter that the block will be cut through without the 
arbor coming in contact with the surface of the work, when fed by 
automatic long feed. 


Diagram (9) shows the ends being finish squared. It is necessary to 
see that the block stands vertically in the vise by use of a square set on 

the vise seat. When the face milling cutter has been set to cut to the 

scribed line, the cut can be finished by the automatic long feed. 
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MILLING—RAPID INDEXING. 


Rapid indexing is the simplest form of indexing work on the milling 
machine. Other methods are known as plain and differential. The 
Index Head is bolted to the machine table and work may be held in a 
chuck screwed to the Index Head spindle, or other work may be supported 
by the centres of the Index Head and Footstock. The dog on the work 
must be clamped securely to the face plate to prevent backlash, which 
would cause inaccurate division of the work. For rapid indexing it is 
necessary to disengage the worm which is turned by the crank when 
used for plain and differential indexing. The spindle of the head is 
turned by hand and the divisions (usually 24) are used on the rapid 
index plate, being locked in position by the pin P, diagram (3). 


To mill bolt head. The side milling cutters of the same diameter are 
set up on the arbor with a spacing collar between them the correct size 
of the distance across the flats of the bolt head. The work is held in the 
chuck as shown in diagram (1). It is advisable for a beginner to check 
up the setting of the cutters and work by testing with a piece of scrap 
to prevent spoiling the bolt. Set cutters central, take a light eut to see 
if the cutters cut to the size required across the flats and cut centrally 
with the work. If the size is too small, increase the spacing by the 
addition of paper or brass washers. If too large, use a smaller collar, 
or reduce the collar being used. Now Index the work one-half way 
round and take another cut. If the cut coincides with the first cut, the 
work is central. If incorrect, measure the thickness now cut, and sub- 
tract it from the previous thickness and feed the work one-half the dif- 
ference away from the cutter. 


Squaring to a sharp shoulder with an end mill—Diagram (2). Set 
the work against the rotating cutter until a piece of paper is moved from 
between them, then set the cut an amount equal to one-half the dif- 
ference of the diameter of the stock and the size across the flats re- 
quired. It is advisable when milling the first piece to take two opposite 
roughing cuts, then measure the distance across the flats and adjust the 
work one-half the difference to finish to the exact size. 


To mill the end of a shaft with curved shoulders. The work is 
mounted on centres as shown in diagram (3), the indexing is done as 
previously described. It is necessary to set the dog to trip the feed at F. 
so that all cuts terminate at the same distance from the end of the work. 
Take trial cuts and measure across the flats. If the work is large, adjust 
by elevating the work by the vertical feed one-half the difference and 
mill the sides in order. 
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QUESTIONS ON MILLING. 


Name six main parts of a Universal milling machine and describe 
the function of each. 


What are various parts of the milling machine arbor when the 
cutter is in place? 


What method of operation would you adopt to mill a plain block 
on all sides when held in a vise fastened to the table? 


How should a cutter be set to cut to correct depth? 
How should a cutter be set to cut a groove central ina block? 


. How would you mount a cutter on an arbor 
' (a) for light work? 
(b) for heavy work? 


What method would you use to mill a square and hexagonal shank 
on round stock? 
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GRINDING... 
THE GRINDSTONE. 


Grinding to-day is a very important operation; it has developed in 
a comparatively short time from a simple operation involving the use of 
an ordinary grindstone to intricate work in the finishing of machine 
products requiring the use of elaborate precision grinding machines. 
Grinding is an operation which is used in many industries so that a 
knowledge of this important work is necessary. The beginner should — 
follow up the work shown here by a study of abrasives and the manu- 
facture and selection of grindstones. 


The grindstone is made from abrasive grains with sharp cutting 
edges bonded together and baked to form wheels of various shapes. The 
size of the grains used decides whether the wheel is a coarse or a fine 
wheel. The grains are screened as shown in diagram (1), which repre- 
sents a 10 grain screen or 10 meshes per linear inch. The grains which 
pass through such a screen are shown in diagram (2). 


The section of a grinding wheel is shown in diagram (3). It illus- 
trates the idea that the grains are held together by a bond, but the 
wheel has a porous structure. When the outer grains lose their sharp 
cutting edges, the extra pressure required to cut the metal due to their 
dullness should be sufficient to overcome the holding power of the bond 
and break the dull grains free, thus producing beneath a new layer of 
sharp cutting grains. 


Diagram (4) shows metal ground by a dull wheel, the metal particles 
are round showing that they have been rubbed off, thus generating by 
friction a great amount of heat. 

Diagram (5) shows the cuttings from a free cutting wheel. The 
erindstone is really a cutting tool with thousands of cutting edges. The 
cuttings when magnified prove this, because they are quite similar to the 
cuttings taken from a lathe. 

Mounting a wheel on a spindle, dinzrams (6) and (7). It is very 
important that a wheel should be correctly mounted on the grinder 
spindle as incorrect mounting has been the cause of wheels breaking and 
serious accidents resulting from the flying parts of the stone. The wheel 
guard of course is to prevent the broken parts from flying away and has 
saved many lives. 

Eye protection. The flying grains of abrasive and small particles 
of metal form another frequent source of danger to any operator. 
Goggles should be worn and it is advisable for each operator to have his 
own always at hand as the use of a pair of goggles used by other helps 
_in the transfer of many serious diseases. Sometimes a glass screen 
fastened to the grinder is effective. 

Diagram (8) shows how both nuts are tightened on the spindle when 
rotating in direction of arrows. The nuts A and B each tightening the 
flanges against the shoulders of the spindle. 

Diagram (9) shows some common shapes of wheels used. 
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Note:—The dangerous position of rest in diagram (10) and the 


safe correct position in diagram (11). 
The wheel dresser. Diagram (12) is used to break away worn out 


abrasive grains, thus making the wheel cut sharp and clean. A diamond 
dresser is used for fine precision work. 
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ioe TOOL GRINDING. 


Most cutting tools are simply wedges entering the material by the 
sharpness of their edges, and forcing it open or separating it by the 
gradual increased thickness it presents with its wedgelike form. <A thin- 
edged or sharp-angled wedge tool cuts freely because it generates less 
friction than a thick-wedged tool. A common axe is a simple example of 
the wedge principle and everyone is familiar with the tremendous power 
of an ordinary wedge. If a wood chisel is forced into a piece of wood 
as shown in Diagram (2) the chisel will tend to follow the direction of 
the side nearest to the material. As it penetrates deeper it will require 
more power to push it, owing to the increased amount of material it is 
removing. If the chisel were held in a vertical position the material 
would be pushed or scraped off and the edge would rapidly become 
rounded and dull. 


The planer or shaper tool shown in diagram (3) is a wedge-like tool 
with a large angle because the material cut is very much harder than 
wood. The angle of clearance need only be sufficient to prevent fric- 
tion between it and the work as it passes over it. A large wedge angle 
is given to a metal tool for the following reasons :— 

(1) For strength. 
(2) To dissipate the heat caused by the friction in cutting. 

The chip, as it is removed, presses hard against the tool face, so 
that if the tool is curved as shown in diagram (4) the passage of the chip 
is made easy. 


The lathe tool shown in diagram (4) shows a wedge entering cylin- 
drical material, the roundness of the material giving greater clearance 
because it moves away from the tool. The tool naturally tends to pene- 
trate along the dotted line shown, which should be tangent to the surface 
of the turned part of the work. 


Diagram (1) shows the Plan, Elevation, and End Elevation of a 
High Speed steel tool bit. The names of the various possible grinding 
angles are shown in the position in which the tool is used in the tool 
holder. 


The profile of the tool is the shape of the tool as it appears when look- 
ing at it from above, while it is in operation. The profile has a great 
influence on the efficiency of the tool under various conditions as will 
be seen later. 


Front cutting angle is the wedge shape which penetrates the stock 
when cutting from the front of the tool. A thin edged tool cuts easily 
because it generates less friction than a thicker edged tool, but the 
poke angle must be sufficiently large to stand up to the work it has 
to do. 


Side cutting angle is that which penetrates the stock when cutting 
on its side or towards the headstock of the lathe. 


Front rake reduces chip pressure as the chip leaves the work from 
the front. More rake increases the tendency to penetrate the material. 
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Side rake reduces chip pressure as the chip leaves the work from the 
side. 

Front clearance governs the wedge angle of the tool from the front. 

Side clearance governs the wedge angle of the tool from the side. 
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METHODS OF POLISHING. 


Polishing has been defined as the operation of making a metal 
“smooth and glossy”. In practice the operation is divided into three 
general divisions, grinding, polishing and buffing. The function of grind- 
ing is to remove material and leave the work with regular serrations. 
Polishing reduces the serrations so that they can be scarcely seen and 
buffing produces a grainless finish, free from noticeable scratches. 


Abrasives used. The abrasives used for “roughing” usually run 
from No. 20 to No. 90. For dry fining, from No. 90 to No 120. For 
finishing, from No. 150 to the fine flours. For roughing and dry fining the 
polishing wheel should be used dry. For finishing, the wheels are first 
worn down a little and then tallow abrasive cake as shown in diagram 
(4) or beeswax is applied to the wheel to bring up the finish. 

Polishing wheels. The wood wheel, diagram (1), is one of the 
oldest types of polishing wheels. It is made up of thin pieces of wood 
glued together with the grain in opposite directions. The periphery is 
covered with a strip of oak tanned sole leather fastened to the wood with 
wooden pegs. A Felt covered wheel diagram (2) is similarly used, its 
cushion action being more suitable for rounded surfaces. 

Bull neck wheels, diagram (3), are solid pieces of bull neck leather, 
very tough and resilient and are adapted for polishing stove trimmings 
and similar work. 

Canvas wheels are made up of discs of heavy canvas or duck, sewed, 
glued or cemented together. Sewed wheels are the more resilient, those 
made with glue or cement are stiffer. Canvas wheels are used for 
polishing metals with irregular surfaces as shown in diagram (5). 

The cotton wheel, diagram (6), a “mop” consists of free strands of 
cotton and is used for the final finishing of work to make it glossy. The 
fine abrasive is applied to the wheel while rotating in the form of a eake 
(diagram 4) made up of tallow and abrasive, the tallow tending to hold 
the abrasive on the rotating wheel giving the work a “greasing” finish. 

The scratch brush, diagram (7), is made up of wire made of steel or 
brass as required, and is generally used to scratch off the oxides from 
metal and give to it the particular finish known as the “Seratch brush 
finish”. It is not properly considered a polishing operation and no 
abrasive is used. 

Abrasive cloth. Hand polishing is often carried out with strips of 
abrasive cloth worked up and down by hand as shown in diagrams (8) 
and (9). 

Polishing belt, diagram (10). This method is very satisfactory for 
irregular work. 

Disc polishing or grinding is illustrated in diagram (11) and is often 
used for producing a flat regular finish on work. 

Setting up wheels. To set up or cover a polishing wheel with abrasive 
grain, a high quality of glue is essential and shouid be carefully em- 
ployed, the abrasive should be warm and the wheel rolled into it as 
shown in diagrams (12) and (13). 
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SHOP MATHEMATICS 


MATHEMATICS. 


Laying out lines on metal at right angles. Laying out lines on metal 
may be simplified by a knowledge of geometry. Many problems may be 
met with in laying out work and the quickest and most accurate method 
of laying out should be applied. 

The dotted line in each problem represents the line which was to 
be constructed. 


Problem (i To erect a perpendicular to a given straight line A B 
at a given point in it X. 


Solution. Mark off two points C and D at equal distances from X. 
From C and D as centres with any radius greater than C X draw arcs 
cutting at O. Join O X which is perpendicular to A B. 


_ Problem (2). To draw a perpendicular line to a given straight line 
A B from a given point X outside the line. 


Solution. When X is not near the end of the line: from X as 
centre with sufficient radius, draw an arc cutting A B at P and Q. 
From P and Q as centres with any radius greater than half P Q de- 
scribe arcs cutting at Y. Join X Y cutting A B at O. Then X O is 
perpendicular to A B 


Problem (3). To draw a perpedicular to a given straight line A B 
from a given point X outside it, near one end oz the line. 


Solution. Take any two points Dand Ein AB. From D as centre, 
radius D X, draw an,arc; and from E as centre, with radius E X draw a 
second are, cutting the first-at X and Y. Join X Y, cutting A B at O. 
Then X O is perpendicular to A B. 


Problem (4). To draw a perpendicular to a given straight line A B 
at a given point X near to the end of A B: 

Solution. Take any point C outside A B. From C as centre, with 
radius C X draw a circle cutting A B at D . Join D C and produce it 
to meet the circumference at O. Join O X. Then O X is perpenieulas 
to A B. 


Problem (5). To bisect a given straight line A B by a line C D at 
right angles to A B. 

Solution. With A as centre and a radius A C weeatae than half 
A B describe an arc on each side of the line. Similarly with B as centre 
and radius A C describe arcs on each side of the line. Join the points 
C and D where the ares intersect, then C D bisects A B at right angles. 


Problem (6) to draw a line C B at right angles to a given straight line 
A B, at a given point B. 

Square method Diagram (6). A flat square is placed with one 
side on A B and held steady in position while the line C B is drawn at 
right angles to A B. 
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DRAWING LINES PARALLEL AND AT ANGLES. 


1. To draw a line parallel to a given line at a given distance, take 
any points as C D as centres on the line A B and draw ares with the 
given distance as aradius. The line E F tangent to these ares is the re- 
quired parallel. 


2. Through a given point to draw a straight line parallel to another 
straight line. Let P be the given point, and A B the given straight line. 
With P as centre and any suitable radius, describe an are C D intersect- 
ing A B at D. With D as centre and the same radius, describe the are 
PE. With D as centre and a radius equal to the chord of the are P E 
describe an arc intersecting C D in C. A straight line drawn through 
P and C will be parallel to A B. 


3. To bisect an angle. With the vertex of the angle A as centre 
and any radius draw an are D BH, with D and EF as centres and a radius 
greater than one half D E, draw ares intersecting at F. The line A F 
bisects the angle B A C. 


4. To draw an angle on a line equal to a given angle FG H. With 
G as a centre and any radius, draw an are K L. With point A on the 
given line the vertex of the desired angle as centre and with the same 
radius draw the are D E. With D as centre and a radius equal to the 
distance K L strike an arc intersecting D E and draw the line A C 
through E. Then angle B A C equals the angle F G H. 


5. To lay out a 60° angle. With A as a centre and any radius, 
draw the are BC. With B as a centre and A B as a radius draw an are 
intersecting B C at E. Then angle E A B is 60°. 


To obtain a 30° angle. Bisect the angle E A B as shown in dia- 
gram (3). Draw line AD. Then angle B A D is 30°. Diagram (5). 


6. To draw a 45° angle. From a point A on the line A B lay off 
any distance A C. Erect a perpendicular D C and lay off distance C E 
equal to A C. Draw A. Then the angle E A C is 45°. Diagram (6a). 


To lay out a right angle. On a.line A B mark off A C any 3 
units of length. From A describe an are with 4 units of length as 
radius. From C with 5 units of length as radius describe an are inter- 
secting the first arc at D, then angle C A D is a right angle. Diagram 
(6b). 


To obtain a 45° angle, method (2). In diagram (6)B, mark off 
4 units of length from A to E. Join D E. Then the angle D E A is 
45°. 
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CUTTING SPEED, DEPTH OF CUT AND FEED. 


Experiment (1). Diagram (1). Wrap a strip of paper around any 
cylinder and cut the paper equal to the circumference Stretch out the 
paper, measure the diameter of the cylinder and the length of the paper 
strip, and you will find that the circumference of the circle is 314 times 
the diameter. 

That is, the cireumference called C—=314 x Diameter or 224 x D. 
This relation is represented by the Greek symbol ~ (pronounced “Pi.”) 
so that C—=7D. 

To be more exact C==3.1416 x D. 

Problems worked out in diagrams (2) and (8). 


Experiment (2). A cylindrical piece of stock is held in the chuck 
of a lathe, wind string around the bar of round stock as shown in dia- 
grams (4) and (5). Now if the string is unwound it will be observed 
that :—In 19 revolutions on No. 4 the string is unwound. 

In 38 revolutions on No. 5 the string is unwound. 

In Job 6 the tool cuts 4% deep and has \% feed. 

In Job 7 the tool cuts 46 deep and has %¢ feed. 

So that the removal of the string in (4) and (5) is similar ap- 
proximately to the removal of metal in (6) and (7). It will be observed 
therefore that Job (6) has the metal removed in half the time that Job 
(7) has, and the material removed from (6) is twice the amount of the 
material removed from (7). 


Cutting speed is expressed in feet per minute. It is the length of 
metal in feet passing the stationary tool in one minute. With stock 1” 
diameter as in diagram (3). 

In 1 revolution 314% x 1 (inches) pass the tool point in 1 minute, in 
280 rev. per min. 3% x 1 x 280 (inches) pass the tool pt. in 1 minute. 


3% x 1x 280 


Now bring this to feet by dividing by 12, that is 1D 


(feet) 
pass the tool point in 1 minute. 





ie 

For general purposes a is roughly 4 
70 

x 1 x 23867 


80 that 


feet=70 feet per minute. 


Exact method 


baking apeain ceed 3.1416 x Dx R. P. M. 


12 
Revolutions CS x 12 
per minute a a 3.1416 x D 
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Approximate method 
CS Vox Dx Rw 
CS. 
%4xD 


Example:—What number of R.P.M. is necessary for a piece of 
machine steel 24% dia., to give a cutting speed of 70 feet per minute. 
(High speed steel tool used). 


or Reb ve 


Exact method Approximate method 
Cui. 12 C. S. 
70 
70 x 12, fer ee 
= A x 2% 
Beet 3.1416 x 2.5 
14 
+HWx4x2 
R.P.M.—107 R.P.M.=——+ 
R.PM==-112 


Feed is the amount the tool advancés parallel to the axis of the work 
for each revolution of the work, as shown in (8) and (9). 


Depth of cut is the amount the tool enters the work at right angles 
to its axis. In diagram (6) the tool is shown reducing the diameter of 
the stock from 1” to 34” therefore the depth of cut is one half the 


difference of these diameters or 14”. In diagram (7) the depth of cut 
1S Vg”. 


Diagram (10) shows a 46” depth of cut with a coarse feed 1%”, and 
diagram (11) shows a 4.6” depth of cut with a 44” feed. 


SHOP MATHEMATICS 121 








AREA, VOLUME AND WEIGHT OF METAL. 


It is necessary at times to estimate the weight of metals from draw- 
ings provided in order to give a price on the cost of the work. To do this 
it is necessary to know how to calculate area and volume. The problem 
following gives a simple idea of the elements of this work. 


Diagram (3) on page 123 shows a rectangle 1144” x 1” divided into 
Y,” squares. If the squares are counted, the rectangle will be found to 
contain 4 rows of 5 squares each—or 20 squares; or 5 rows of 4 squares 
each or 20 squares. 


To find the area of a rectangle multiply the length by the width. 
Example: Diagram (3) 1” x 1%4”=1%% square inches. 


To find the area of a circle. Take a circular piece of paper and cut 
it out into divisions as shown in diagram (4). If one segment is cut in 
two, it will fill up each end and make an approximate rectangle A B C D, 
which is equal in area to the circle. 

The area of a rectangle—length x width. 

The length, a d—% the circumference of the circle. 

The width, a b—the radius of the circle, so that, 

The area of a circle—% circumference x radius. 


When A=—the area of a circle, diagram (4) shows how the formula 
A —7 R? is obtained when 7 —314 and R=the radius of the circle. 


To calculate the area of a circle having a diameter of 4”: 


Method (1). Method (2). 
4 cir, x radius 
84% x4x2 ee 
Area 2 Area |~24 =R=XR 
CoS of 22x 2x2 
Circle ee Bele ee Circe Va, 8% 
‘as 7 


=12 are inches. 
1244 square inches. 44 square 


To find the volume of a rectangular prism. 
Example—Diagram (6). 
Volume of a Prism—Area of end x height. 
a be « Length x width x height. 
ce ce ce =, x yy, x 1. 


6c ce “ec =" x yy, x54 = 3564, 
Gs gs «“ = 546 cubic inches. 
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To find the volume of a cylinder. 
Example—Diagram (7). 
Volume of a cylinder—Area of end x height. 


xe “<  ==r R2 x height. 

6c (3 cc 22, x he x he x 1% 

(73 (73 “ = 224 x he x the xX 1i,— 847 
a eS “  =.827 Cubic inches. 1024 


To find the weight of metal. (1) If the job shown in Diagram (6) 
is made of cast iron, what will its weight be? 


Note: Cast iron weighs 0.26 lbs. per cubic inch. 


Volume of casting (6)—=.546 cubic inches. 
Therefore the weight of casting—=.546 x 0.26. 
S = 5 <- ==,1419 The. 


(2) If the job shown in Diagram (7) is made of Machine steel what 
will its weight be? 


Note: Machine steel weighs 0.28 lbs per cubic inch. 


Volume of casting (7)— .827 cubic inches. 
== 2827 x 0.28. 
== .2315 lbs. 


Question 1. Find the weight of a solid cast iron flange of the out- 
side dimensions shown in diagram (5). 
Note: This problem involves only 2 simple cylinders A and B. 


Question (2). Find the weight of the casting as illustrated in dia- 
gram (5) with 3 holes H drilled out, keyway K cut out, and C bored out. 
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47 3 Vol = vol.A+ vol... 
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PULLEY SPEEDS AND LATHE SPEEDS. 


Belts driving pulleys, like gears driving gears have the following 
functions :— 
(1) They connect up two lines of drive. 
(2) They can change the rotating speed. 
(3) They can change the direction of rotation. 

In diagram (1)) the driver runs at 200 R.P.M. (Revolutions per 
minute) and is an open drive, so that both pulleys rotate in the same 
direction. The pulleys are of different diameters, therefore the speed 
is changed because the belt contact as shown at A B represents one half a 
revolution of the large pulley, but it requires one complete revolution 
of the small pulley to have contact with this amount of belt. 

From diagram (1) it may be seen that pulley speeds are inversely 
proportional to their diameters; that is a pulley that is half the diameter 
of its driver goes twice as fast. 

If the speed of a driver and its diameter are known, and the 
diameter of the driven is known, the speed of the driven can be found. 

Pulleys being driven by belt can be represented by the following 
equation :— 


Speed of Driven pulley \ _ (Ce of the driving pulley. ) 
( its diameter ) ~ Xx its diameter. 
ors xd=S =x D. 
36-5. x. 
d 





Example:—What will be the speed of the driven pulley or follower 
in diagram (1). 





g—=—5. x. D. 
d 
2 
s=200 x17 
re 
s—400 R. P. M. 


Open drive. Diagram (2) shows an “open drive” connecting the 
main shaft and lathe countershaft, this gives to the machine the forward 
drive. 


Crossed drive. Diagram (3) shows a “crossed drive” connecting the 
main shaft and lathe countershaft, this gives to the machine the 
“reverse drive” so that this belt is sometimes called the “backing belt”. 


. Speed cone drive. Diagram (4) shows a speed cone on the counter- 
shaft driving by belt to a similar one in the opposite position on the 
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lathe. It is known by various names such as “Speed cone”, “Cone 
pulley”, “Stepped pulley”. 


Spindle speeds obtained from speed cone. If the steps in the speed 
cone illustrated in diagram’ (4) have diameter (D=314”), (C=434”), 
(B=6144”) and A=734”) work out the spindle speeds when the belt is on 
each step of the cone pulley. 


Use of back gears. The lathe has four speeds driving direct with the 
speed cone fastened to the spindle through the locking pin and the 
spindle gear. If slower speeds are required the locking pin P must be 
loosened and the speed cone disconnected from the spindle gear. The 
speed cone now runs free on the shaft. If the back gears are put in as 
shown in diagram (5), the lathe spindle will be driven as follows :— 

Speed cone attached to pinion A to B, through back gear sleeve to 
C, and from C to D, which is fastened to the spindle. 


To find speed of spindle with back gears in— 


Speed of driver gear Speed of follower gear 
x number of teeth of all drivers = x number of teeth of all 
followers 


Example—Diagram (5). Find the speed of the spindle with back 
gears in when A has 28 teeth, B has 84 teeth, C has 28 teeth, D has 84 
teeth, Belt on small step D on lathe cone, with lathe making 656 R.P.M. 


Sox xe TD ==ssex text 
656 x 28 x 28 = § x 84 x 84 
- g — 096 x 26x26 656 
SE Cie ade i os Oa 
5) 3 


S =72.88 Revs. per minute. 
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PULLEY AND BELT CALCULATIONS. 


The beginner should understand how to calculate pulley speeds 
under various conditions as belts and pulleys are used universally in 
power transmission. Guesswork should never be used when setting up 
machines as suitable speeds required for various machines should be 
worked out as near as is practically possible to give the best results. 


To find the size of a pulley to give a required speed—Diagram (1). 


Given speed of driver 180 R.P.M. (S) 
“ diameter of driver 30” (D) 
speed of pulley required 450 R.P.M. (s). 


Find diameter of driven pulley (b). 


v9 


Note: See pulley speeds and lathe speeds page (125). 








sxd—S8 x D 
then d=—=SxD 
Ss 
i 
d +80" x 30" 
At 
Pom 


d = 12” diameter. 


To find the size of a pulley for a compound pulley drive—Diagram (2). 


The speed of the driving pulley The speed of the last 


; : ee = follower. pulley X diameter 
X diameters of all driving pulleys of all follower pulleys. 


In diagram (2) : page 129 
A and C are drivers, B and D are followers. 


~ SxAxC=SxBxD 
1140 x 6x11 =S x 24x 10 


1144 xx 1] 1254 


~ LO x Ae “4 
4 


S = 3138.5 R.P.M. 


To find the speed of a pulley in a compound pulley drive—Similar to 
diagram (2). 


Given Speed of D, 313.5 R.P.M. 
Find Diameter of D. 


S 
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Sexe At 
x 


3 C= 8 
1140 : — 


5c 18 IDE 

Siok O41): 
285 

+440 x 6x 11 83135 


~ 313.5 x24 ~~ 3135 
+ 


x 
6 


ea 


D 


D = 10” diameter. 

Conclusions: Diameter of driven pulley required as in diagram (1). 
_ _ ule: Multiply the diameter of the driving pulley by its speed 
2 R.P.M. and divide by the speed of the driven pulley then the diameter 
0 

i 001 60 
450 
Be 12 


Compound pulley drive—diagram (2). 

Rule: Divide the product of diameters of driving pulleys by the 
product of diameters of driven pulleys and multiply the quotient by the 
speed of first driving pulley. 


GO x ti : Me 
Speed of D = Sfxi0 * 1140 .*. speed of D = 318.5 R.P.M. 


To find the length of a belt when diameters are nearly equal—Dia- 
gram (3), when it is not convenient to measure with a tapeline. 


Add the diameters of the two pulleys together, divide the result by 
two, and multiply the quotient by 344; add the product to twice the 
distance between the centres of the shafts 


. s Bk 
ee ee eee a8 bed 


py) 


— 


Note: C D = Centre distance. 
If A = 20” dia. and B = 18” dia. and C D = 120” 


8 22 
then length of belt = aes x a7 240” 


59.71” -+ 240” 
299 ML” -or-2993,” 


Example : 


(<3 


ll | 


ce 
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TAPER TURNING BY SETOVER METHOD. 


If a piece of stock 1 foot long were turned between centres in such 
a way that one end was 1” larger than the other as in Diagram (1) the 
taper of such a piece would be 1 inch per foot. In Diagram (1) if 
point (a) were moved to point (b) a distance of 14 inch it would be in 
the position in which it was turned in the lathe, so that the tailstock 
would have to be set over towards the operator 4% inch. Therefore, the 
job shown in Diagram (1) has the following setover: 


Setover = 14” x the length of the work in feet. 


Taper per foot ia Length of work in inches. 


That is Setover = 5 1D 

Example. What would be the setover of the job shown in Diagram 
(2) where the total length of the work is 614” and the taper is a Morse 
Taper No. 3 or .602” per foot. 


Method (1). 
ro . . 
Setover = Laber_per foot *Y [Length of work in inches. 
2 Bort 12 
T L 
Re a Ta 
301 3.125 
g 002 . 6250 
oe 42 
6 
S — = 0.1567 
S = 0.157 inches. 
Method (2). 


Most of the work done on the lathe is usually expressed in inches so 
that when calculations are being made the taper per foot could be 
changed to taper per inch as follows: 
Taper per inch 

2 
Apply this method to example given above. 


Taper per foot 
12 


‘Setover = x Length of work in inches. 


Taper per inch = 


13 ce it .602 
12 


= .0502” nearest to 3rd decimal place. 


= .05016 
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Taper per inch 
2 





Setover = x Length of working inches. 


That is S — xe 1b 
.0251 
0502 6.250 


5 Gia ha Be 


S = 0.157 inches 


Note: In Diagram (2) the length of the finished work 6” is not 
considered but the length of the stock between centres is the important 
thing that influences all tapers by the setover method. 


Diagrams (3) to (10) show the various data which may be given in 
taper work. Diagram (3) is the formula just illustrated in Diagram (2). 


Definition of taper. Taper is the difference in diameter of a piece 
of work for a unit of length, usually 1 foot, for example taper 0.625 
inches per foot. The taper may also be expressed in inches. 


2 Gea imoe o> Sae SO Re 
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13. 
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15. 
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19: 


20. 
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-QUESTIONS ON SHOP MATHEMATICS. 


How would you draw a line at right angles to another line (a) 
near the centre of the line (b) near one end of the line? 

How would you bisect a line at right angles? 

How would you draw a line parallel to another line? 

How would you bisect an angle? 

How would you lay out an angle equal to a given angle? 

Lay out an angle of 60°, 45°, and 30°. 

How would you lay out a right angle any size? 


How would you prove that the circumference of a circle is ap- 
proximately 314 times the diameter ? 


If a piece of cotton were wrapped around a 114” cylinder 500 
times how long would it be if it were stretched out in a straight 
line? 


What do you understand by “cutting speed” ? 


What would be the cutting speed of a piece of round stock 114” 
diameter running at 150 revolutions per minute? 


What number of R.P.M. would be necessary for a piece of stock 
134” diameter to give a cutting speed of 65 feet per minute? 


What do you understand by “Feed” ? 


Two pieces of stock the same diameter were running at the same 
speed, one had a feed of 4.6” and one %4”. If the first was com- 
pletely turned in 5 minutes, how long would the second piece take 
to turn? 


What do you understand by “depth of cut”? 


If one piece of stock were reduced to size in 10 minutes with a % 
depth of cut, how long would it take to reduce another piece of 
stock to the same size with %45 depth of cut with the same cutting 
speed and feed? 


What is the weight of a cast iron cylinder 12” long by 114” di- 
ameter when cast iron weighs 26 lbs. per cubic inch? 


What is the weight of a block of cast iron 6” x 3” x 2” with a 114” 
hole running through it lengthwise ? 


If 3 holes %” diameter are drilled in a round cast iron plate 5” 
diameter and 34” thick what is the weight of the plate when drilled? 


If a driving pulley is 11” diameter and runs at 250 R.P.M. and the 
follower pulley is 5” diameter what speed does the follower run at? 


134 


21. 


22. 


23. 


24. 


25. 


26. 
27. 


28. 


29. 


30. 


31. 


32. 
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The speed cone of a lathe and countershaft has steps 734”, 644”, 
434”, 3,” diameter. If the countershaft runs at 220 R.P.M. what 
are the 4 possible spindle speeds of the lathe? 


If the ratio of the back gears of a lathe is 7 to 1, work out the 
spindle speeds with the back gears in and with cone speeds as in 
question 21. 


What size pulley is required for a machine to run at 1,100 R.P.M. 
when the driving pulley is 12” diameter running at 250 R.P.M? 


If a 7” pulley on a motor runs at 1,200 R.P.M. and connects to a 
main shaft pulley 18” diameter, and a man shaft pulley 11” di- 
ameter drives another countershaft at 250 R.P.M., what size pulley 
is on the countershaft? ° 


Calculate the length of belt on a machine when the centre distance 
between driven and driving shafts is 8 feet and the driving pulley 
is 14” diameter and the driven pulley 16” diameter. 


What do you understand by “Taper per foot’ ? 


If a piece of- work is 614” long and is required to be tapered to a 
No. 3 Morse taper to 34” at the small end, what would the setover 
be? 


If a piece of work is 10” long and has a tapered portion on one end 
51%” long measuring 34” diameter at the small end and 1” diameter 
at the large end, what would the setover be? 


A piece of tapered work is 6” long with a diameter of 34” at the 
small end and 1” at the large end. What is the taper per foot? 


A crowned pulley is to be turned on an arbor 10” long. The taper 
of the crown is 34” per foot. Find the setover of the tailstock. 


What would be the cutting speed of a milling cutter 214” diameter 
running at 90 R.P.M.? 


How many R.P.M. should a 3” diameter steel cutter make when 
milling a square on a machine steel shaft ? 


GR) be oi eee ee 


= 


10. 
JMR 


12. 
13. 
14. 
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QUESTIONS ON GRINDING. 


How is a grinding wheel made? 

What do you understand by a 60 grain size abrasive? 

What is the difference between a “coarse” and a “fine” wheel? 
What is the result of using a sharp cutting wheel and a dull wheel? 
What is the proper method of mounting a wheel? 

What threads are used on a grinder spindle? Why are they used? 


What are the common shapes of wheels used? For what purpose 
are they used ? 


How should a grindstone rest be adjusted ? 
For what purpose is a wheel dresser used ? 
What is the primary shape of a lathe or planer tool? 


What are the various angles given to a lathe tool called? What is 
the main reason for each angle? - 


How are abrasives used in the various methods of polishing? 
How is a polishing wheel coated with an abrasive? 


How would you polish (a) Flat stock; (b) Round stock; (¢) stock 
with an irregular face? 
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SHOP SCIENCE 
SPARK TEST FOR METALS. 


If metal is placed in contact with the periphery of a grindstone, 
small particles of metal are thrown off by the cutting action of the 
thousands of sharp abrasive grains bonded together to form the wheel. 
The heat generated by friction is sufficient to heat up the small- particles 
of metal and they fly into the air by the centrifugal action of the wheel. 
Generally they appear as a dull red streak of light, but instead of 
gradually dying out as would be expected, they suddenly ignite. It is 
evident therefore that some change has taken place in the particle of 
metal since it left the stone and the change is due to chemical action. 
The carbon in the metal has combined with the oxygen in the air causing 
the increased combustion as seen, for example, in the torpedo-shaped 
spark of common iron. 


What to observe in testing metals. (1) The color of the spark as it 
leaves the stone and also after it explodes. 

(2) The shape of the explosion of the spark and the appearance as 
it leaves the stone. 


(3) The distance from the stone where the illumination or change 
occurs. ‘ 


Common iron or wrought iron. Diagram (1). The particular dis- 
tinguishing feature of common iron is its distinct torpedo-shape when 
it illuminates. This torpedo shape is present more or less in all 
“Ferrous” metals (that is metals made from iron or “Ferrite’). There 
is also a very slight bomb-like radial explosion present, just before the 
torpedo shape is seen, which is due to the presence of carbon. 


Mild steel, diagram (2), throws a similar spark to that of common 
iron with a slight increase in the radial carbon spark. 


Tool steel, diagram (3), has a good proportion of the carbon spark, 
while the torpedo-shaped spark is much more difficult to detect. 


High carbon steel, diagram (4) , has a very profuse showing of bomb- 
like radial sparks, igniting very close to the stone. 


High speed steel, diagram (5). The spark appears like a dull red 
broken line with sometimes a slight globular ignition just before it dies 
out. 


Cast iron, diagram (6), has a distinct torpedo shape with a feather- 
like tail. First dark red in color changing to a golden color. 


Manganese iron or steel, diagram (7), has an illumination which 
shoots off at right angles to the general line of the spark and appears 
branch-like in its formation. 

Note: The beginner should take samples of known metals to the 
grindstone and by sparking and observing each, formulate in his own 
mind the distinguishing features of each metal. 
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1. Color of Spark. 


2. Shape of Spark. 
3. Distance spark 
ignites from stone. 


SPARK test for METALS. 
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FILING AND POLISHING. 


It is just as necessary to know the details of Filing and Polishing 
as any other operation. Most people think because polishing is a com- 
monplace operation that anyone can do it without any particular know- 
ledge, but the beginner will find out by applying the principles given 
here that few people do it well. 


Diagram (1) shows an enlarged section of a metal surface as it 
comes from the mill. The surface, as you have probably noticed, lacks 
brightness, in fact its surface is usually dark, for two reasons :— 

(1) The surface is usually covered with iron oxide, a scale which 
has a black appearance. 

(2) The surface, from a mechanical standpoint, is broken up into 
irregular serrations or grooves of various shapes and depths. This series 
of eminences and depressions has a tendency to absorb light, but not 
reflect it, consequently it does not appear bright to the eye. 


Diagram (2) shows the section of a piece of work. The surface has 
no scale, but it has an occasional deep scratch. To polish this work 
the deep scratch must be removed either by a cutting tool, file or 
abrasive. 


Diagram (8) shows a surface with scratches or serrations approxim- 
ately the same depth but the serrated faces do not present a regular angle 
to the light. 

In consequence of this, the reflected light is thrown off in various 
contrary directions, and therefore do not group together in reflecting 
light towards the eye of the observer. This surface therefore would not 
have the appearance of being well polished. 


Diagram (4) shows a surface with regular serrations of equal depth, 
which presents a common similar angle to reflect the light. This, then is 
the beginning of a well polished surface. All that is required is to re- 
duce the serrations smaller as shown in diagrams (5) and (6), until the 
naked eye cannot detect them. This operation of removing the serrations 
is carried out by using an abrasive such as emery or an artificial abrasive 
of still finer and finer grain size. 


Diagram (7) shows another feature which influences the polishing 
even though the serrations are regular. If the serrations are made in 
various directions as shown in this diagram, the various sections will 
reflect light but in contrary patches. 


Diagram (8) shows that the direction of all the serrations must be 
the same to produce good results. 


Diagram (9) shows a good method of polishing tapered work, the 
stick carrying the abrasive cloth pivots on the lathe tool as a fulerum 
and fits itself to the taper. 


Diagram (10) shows a good method of polishing round stock of equal 
diameter throughout. 
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Diagram (11) shows the method of filing work in the lathe as the 
first step in polishing. Filing sometimes makes true work as left by the 
machine, out of round and in shapes as shown in (a) (b) (c). 

Do not rotate the work too rapidly, and move the file slowly its full 
length from left to right as shown 
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THE PARTS AND REPRESENTATION OF A SCREW THREAD. 


It is very important for the beginner to get a true conception of the 
screw thread, how it is shown in drawings, the names of the parts of the 
thread and the various shapes and uses of threads. Many references will 
be made later to the fundamental features explained here. 


The helix. If the cylinders (1) and (3) represent the root and 
outside diameters of the thread shown in diagram (5) then the helix 
shown in diagram (1) is the path similar to the bottom or root of the 
thread and the helix in diagram (3) is the path similar to the top of the 
thread. If a triangular piece of paper is cut out as in (2), it will be 
seen that the hypotenuse of the triangle is a straight line, but when 
wrapped around the cylinder it appears to be curved, so that a helix is a 
path around a cylinder making regular progression. 


Angle at the root and top of thread. By a simple comparison of the 
triangles shown in diagrams (2) and (3) it can readily be seen that the 
angle at the root of the thread is greater than the angle at the top of the 
thread. This has a very important application when grinding tools for 
cutting threads to obtain sufficient clearance for the helical angle of the 
thread. 


Representing threads in drawings. Large threads are occasionally 
drawn as shown in diagram (5), but the general practice is to draw 
threads by the approximate method as shown in diagram (6), the par- 
ticulars regarding the number of threads and the kind of thread being 
shown by a suitable notation. 


Pitch of a thread is the distance from one thread to the next thread 
to it and is usually expressed as 14” pitch, 14” P, or 8 threads per inch. 


Lead of a thread is the amount a nut progresses on a thread in one 
revolution. 

Note: In a single thread “lead” and “pitch” are equal. In a 
double thread “lead” equal twice the “pitch”. In a triple thread “lead” 
equals three times the “pitch”. 


Right hand threads. Diagram (6). If a threaded bolt is stood up on 
its end a right hand thread will incline to the right or if a nut is put on, 
it will progress on the bolt when the nut is turned to the right. 


Internal right hand thread. As shown in diagram (8) the nut is in 
section showing the back half of the threads inclined opposite to the 
external threads as seen from the front, but if the helix is traced around 
the back of the threaded object the reason for the opposite inclination 
will be noted. 


Left hand threads (Diagram 7) incline in the opposite direction to 


right hand threads. If a bolt were stood up on its end the nuts will 
progress if turned to the left and the threads will incline to the left. 


United States Standard thread, usually abbreviated as U.S.S., is the 
form of thread most commonly used in the United States and Canada. 
Other forms of threads and their uses will be described later. 


SHOP SCIENCE 141 


<a) 
@ @) 
. Bae pei st 
1008! We _v 


Bet ace ‘of th se areas 





> 













Roe ee 
: Bokkom of thread. 

oF @) 
[oes as 
ell | ——— 

: ae => 

——— en 

hie aga s ons 

sae 








=7/ 
= ok 





SCREW THREAD 
REPRESENTATION. A 


142 MACHINE SHOP PRACTICE 





FASTENING METALS TOGETHER. 


Metal can be fastened together in a variety of ways, some permanent 
and some temporary. Some forms of fastenings are suitable for one 
kind of work and unsuitable for another. Sometimes it is necessary to 
select a form of fastening on the basis of cost, but under all conditions 
the best and most suitable form of fastening should be secured in keeping 
with the results required. 


Rivets. Diagrams (1) and (2) show two forms of riveted joints 
which are permanent fastenings, that is the rivet is driven cold or hot 
depending upon its size with the intention of not being taken apart 
again. When rivets are driven hot, on cooling they exert an increased 
pressure on the plates drawing them closer together. 

Application—Constructional steel work, boat building, etc. 

Diagram (8) shows a piece of round stock reduced to a shoulder 
and riveted into the countersink at the back of the plate. 


Bolts (4), are varied in design according to the use to which they 
are put, but generally a bolt is used where parts may be required to be 
taken apart and where both sides are accessible. The length of a bolt 
is measured from inside the head to the end of the screw. 


Cap screws (5), are used where parts may have to be removed and 
when it is impossible or difficult to gain access to the under side. A 
_ hole is drilled in the body of metal to which the part is to be attached, 
the hole is then tapped to suit the cap screw and the parts assembled, 
the head of the cap screw pressing the parts together. 


Stud bolt (6), has a very similar general use to a cap screw, except 
that the screw of the stud bolt is retained in the work to which the part 
is fastened while the nut is removed. ‘This is sometimes a distinct ad- 
vantage over the cap screw, because it is easier to find the location of 
the parts when re-assembling. The stud bolt screw is fastened to the 
metal by using a special wrench called a “stud driver”. 


Set screws (7), are varied in design, the socketed set screw (B) 
shown is much safer than the square head type (A). Set screws are 
used to press against a piece of metal and by friction prevent it from 
moving in relation to the other piece. Example, collars on shafts, ete. 


Taper pins (8), have a similar function to set screws, they prevent 
parts from moving endwise on a shaft. 


Keys (9), are varied in design for various uses, but they are usually 
iron or steel wedges used to fasten wheels, pulleys, ete., to shafts. The 
key compels the part to move in rotation with the shaft and also pre- 
vents any endwise movement which may put the part out of true running 
position with some other part. Hzxample: Pulley keyed on a motor and 
a corresponding pulley on the line shaft. 

Types of keys. Gib keys as illustrated in diagram (9), woodruff 
keys, feather keys, ete. 
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THE BUILDING AND USE OF A FORGE FIRE. 


If a suitable furnace is not available it may ‘be necessary to use a 
forge fire to provide heat for Hardening, Tempering, Casehardening, 
and annealing. The beginner should be able to build a forge fire cor- 
rectly and know how to use it to advantage. 


The forge. Most forges are made with a cast-iron Garth with a 
bowl or depression in the centre for the fire. In the bottom of the bowl 
is a hole through which the blast of air is forced. The blast opening is 
usually made in a separate piece of cast iron, which can be replaced if 
burnt out, and is known as the “Tuyere”. The Tuyere controls the 
blast and prevents to some extent cinders from dropping down into the 
blast pipe. 


Coal used. The coal used for a forge fire should be of the best 
quality bituminous or soft coal. The coal is mixed with water and when 
put on the fire and “tamped” or pressed down should cake up, form coke 
and not break into small pieces. 


The fire. In building the fire the ashes, cinders, etc., should be 
cleaned away from the centre of the forge down to the tuyere, leaving 
some of the old coke on the sides as shown in diagram (1). A bloek of 
wood is placed over the tuyere and “green coal” (coal mixed with water) 
is “Tamped” down around the block as shown in diagram (4). The block 
is then removed leaving a hole into which shavings, oily waste, or some 
other easily lighted material is placed and set on fire, and some coke 
left over from a previous fire is placed on top. The fire should be kept 
up until the inner section of green coal has been made into coke as 
shown in diagram (5), this coke is then used in the fire and fresh green 
coal tamped around it. 


The fire is made made up of three parts :— 

(1) The centre where coke is burning called the fire. 
(2) A ring around the fire where coke is forming. 
(8) Outside the coke ring is a ring of green coal. 


A dirty fire. Diagram (6) shows a fire, the bottom of which is full 
of “clinker” (burnt out fuel massed together). The clinker prevents 
the user from obtaining a hot fire and should be removed from the fire as 
quickly as it forms. 


Oxidising fire. Coal requires a certain amount of air to burn 
properly and as it burns it consumes the oxygen from the air. When too 
much blast is used the oxygen is not all burned out in the air and will 
affect the heated iron in the fire. Whenever a piece of hot iron comes 
in contact with the air the oxyg en of the air attacks the iron and forms 
an oxide called “Iron oxide”. 


Heating work. Diagram (7) shows a shallow fire with very little 
heat thus exposing the work to the blast and causing irregular heating. 
Diagram (8) shows a deep fire with the work protected from the 


direct blast and if the work is turned in the fire it will be heated 
satisfactorily. 
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EXPERIMENTS IN HEAT TREATMENT. (1). 


The Heat Treatment of metals is a most interesting and scientific 
study and forms a very important branch of industrial progress. It does 
not matter how well a tool may be made, it must receive the proper heat 
treatment to give it the kind of hardness or strength for the work it has 
to do. The experiments given here will at least give the student a 
simple idea of the operations of :— 

Hardening. 
Tempering. 
Casehardening. 
Annealing. 

Experiment (1), diagram (1). Take a piece of 80 point carbon 
steel 14” diameter in an annealed or softened condition, divide it into 
sections with the point of a lathe tool about 4.” deep and stamp each 
section with a number as shown. Heat the bar with a varying heat 
throughout its entire length (diagram 2) so that one end is a black heat 
and the other end a sizzling white heat, then quench in water No. 1 end 
first. 

Magnet test. Ifa magnet is used to test the bar immediately before 
quenching it will be noticed that the colder part of the bar (6 to 10) is 
magnetic and the hotter part (1 to 5) non-magnetic. 

Breaking test. Break off the samples with a hammer in the vise 
diagram (3), it will be noticed that sample 1 can be broken easily with 
the hand. Sample 2 with a very light tap of the hammer, whereas No. 8 
and No. 9 are very tough. 

Magnifying test. Examine the fractures of the samples in compari- 
son with each other beneath an ordinary magnifying glass and it will 
be observed that No. 1 (the burnt or overheated steel) has a very coarse 
erystalline fracture, that No. 5 has the finest and most even fracture 
and No. 9 a fibrous fracture. 

File test. Test each sample by filing it with the heel of a file and 
note particularly whether the file slips over the sample or “bites” and 
cuts into it. 

It will be noticed that samples No’s. 1 to 5 are hard and No’s. 6 to 
10 soft. 

Conclusions. (1) That when steel is heated it reaches a temperature 
at which it becomes non-magnetic (Sample 5) and it is noted that the 
sample No. 5 is the best hardened sample, therefore it is evident that the 
proper “Hardening Heat” for steel can be found by testing it with a 
magnet. 

(2) That steel that is burnt is absolutely rotten and useless for any 
purpose, and can only be thrown away. That any heat in excess of the 
proper hardening heat does not give the best results. 

(3) That the appearance of the fracture of steel helps considerably 
in judging the effect of the heat treatment. 

(4) That filing steel after hardening will denote whether the steel 
is hard or soft, but will not define correct hardness or the difference 
between sample No. 1 and No. 5. 
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EXPERIMENTS IN HEAT TREATMENT. (2). 


The. “letting down” process of hardening and tempering. Hxperi- 
ment (1). Take an old power hack saw blade, grind and polish the sur- 
face, then place it inclined on a plate of metal and apply a varying heat, 
so that one end is much hotter than the other (diagram 1). Colors will 
soon appear and if care is exercised the colors should vary as shown in 
diagram (2). This range of color thus produced by heat is known as 
the “Color scale”, each color representing some definite temperature. 
The color scale can be produced on iron or steel and is really a very thin 
film of “oxide” which can quickly be removed by polishing. 


This color scale is very useful, it denoting the temperature required 
when heating objects to temper them. The heat should always be a 
gradual one, so that the colours elongate or stretch out making it pos- 
sible for a finer selection of colour and temper. 


The “letting down” process of hardening and tempering steel brings 
in the use of the colour scale for tempering. This method of hardening 
and tempering is considered obsolete to-day, although it is often used 
when hardening and tempering one or two tools. Many men are expert 
at judging proper hardening. heat and temper heat by colour, with ex- 
perience it becomes a matter of intuitive skill. Modern heat treatment 
does not recognize such approximate methods, and uses scientific methods 
which can be duplicated as required as will be learned later. 


Diagram (3) shows a cold chisel which is to be hardened and tem- 
pered by the “letting down” process in one heat. Heat the tool from 
A to D in a suitable fire or furnace, withdraw the steel occasionally and 
test with a magnet. When the steel first shows signs of being non- 
magnetic quench C D in cold soft water as shown in diagram (4), 
moving the tool around in the water and up and down to vary the heat 
between B C so that there is no distinct line of separation between the 
hot and cold metal. Allow sufficient time for the heat to be withdrawn 
from the point C D, then remove from the water and polish C D with an 
abrasive. Test also with a file to see that hardness has been obtained, 
then allow the heat to move from A B towards the point. A light straw 
first appears, followed by browns, purples, and blues. When purple 
reaches the point of the tool plunge the tool in water to “hold the 
temper”. It is necessary to grind the point being tested because the 
outer steel has been slightly decarbonized and would likely he soft; 


this decarbonizing is caused by the carbon being burnt out from the 
outer steel in the fire. 
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ANNEALING AND CASEHARDENING. - 


Annealing is a process of heating steel to soften it or to remove all 
the strains caused by rolling, hammering or forging. 


Method (1), diagram (1), shows one of the most satisfactory methods 
of annealing, that is to pack the pieces between layers of charcoal in a 
vast iron box, so that no two of the pieces touch each other or the sides 
of the box. After fastening on the cover tightly the box should be 
placed in the furnace and brought to the proper heat. 

Example: <A piece of high grade tool steel one inch in diameter 
should remain at a temperature from 1375 to 1650 degrees F. depending 
on the steel, for one hour after the box has heated through. Larger 
pieces should remain in the furnace longer. The box and contents 
should cool off with the furnace. 

Annealing heats should be higher than hardening heats to allow a 
margin to overcome any strains or imperfections which may appear later 
in hardening. 

Heat low carbon steels to 1650°F. 

Heat high carbon steels to 1375F. 


Materials to use in annealing. Powdered charcoal, charred bone, 
Charred leather, Mica, Slacked lime, Sawdust, Sand, Fire Clay, Magnesia, 
Refractory earth. 


Quick annealing or “water annealing”. Diagrams (2) and (3). Oc- 
casionally it is necessary to anneal a piece of steel quickly. It is not as 
satisfactory as the method previously described. The steel is heated to a 
red heat and held in the dark until all color has disappeared, or tested 
with a dry pine stick until the steel fails to spark the wood, then 
quenched in water. Sometimes the steel is heated then buried in slacked 
lime to cool. 


Casehardening i is a process of hardening the surfaces of articles made 
of wrought iron or machinery steel. 

Method. The articles to be casehardened are heated in contact with 
some carbonizing material which converts the outer part into steel, they 
are then allowed to cool and afterwards reheated and quenched in water 
or oil to harden the outer surface. 

Diagram (4) shows the best method for casehardening a number of 
parts. A cast iron box is used as shown and the work is heated to about 
1,800 degrees F. and the heat should be regularly maintained. When the 
wires, on being withdrawn with tongs and are found to be red the full 
length, begin to time the operation. 

Time required. The length of time is governed by the depth of 
casing required, and indirectly by the size of the work. 

Examples. %%”” round mild steel heated with a carbonizing ma- 
bes at cherry red (1652 degrees F) for 6 hours had a penetration of 

da 
82 . 

A similar piece heated to bright red 1832 degrees F for 6 hours 

was penetrated 4.6”. 
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Quick method. Heat article as shown in diagram (5) in molten 
cyanide of potassium for from 15 to 30 minutes according to depth 
required. Quench in water. 


Colouring. Very beautiful colour effects are obtained by quenching 
from a cyanide bath into a water tank disturbed by air bubbles. 
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PROPERTIES OF METALS, 


Aluminum can be cast and spun into various forms, it does not rust 
and is widely used for kitchen utensils. When turning use a shearing tool 
with kerosene or benzine as a cutting lubricant. 


Brass is the copper zine alloy containing one-third zine and two- 
thirds copper. Lead is frequently added to make it machine more 
easily. Tin is sometimes added to give greater strength. 


Copper is a good conductor of heat and electricity and is used con- 
siderably in making alloys. It will not rust and is very malleable. 

Bronze is a copper tin alloy containing approximately 10 per cent. 
tin and 90 per cent. copper ; sometimes lead and zine are added. It has a 
darker colour than brass and ‘is much harder. 

Cast iron. can be molded to any desired shape. It rusts less than 
wrought iron or steel and has a very high compressive or crushing 
strength. It is lable to hidden defects or “blowholes” and has a very 
hard skin, while the metal beneath the skin is comparatively soft and 
crystalline in structure. It cannot be forged and does not withstand 
shocks and jars and owing to its brittleness breaks very easily. It is 
subject to internal stresses, set up from unequal cooling in the mould and 
often when the skin is removed it is allowed to season before final finish- 
ing. It is used considerably by engineers where great compressive 
strength is desired and in machine details where shape, mass and weight 
are of more importance than strength. 


Wrought iron is the product obtained by extracting the carbon from 
east iron by passing the blast through it or over it, while in a molten 
condition. It is tougher than cast iron and is capable of withstanding 
a greater tensile and transverse stress than cast iron. It is very ductile 
iron in that it is free from slag. It is made by the open hearth method 
and can be forged and welded readily. 

Machine steel, mild steel or “Bessemer” steel, differs from wrought 
iron in that it is free from slag. It is made by the open hearth or 
Bessemer process and is known as a “low carbon’5’ steel, but it is only a 
little better than iron in general qualities. 


Carbon steels. This term generally applies to steels used for cutting 
and small tools and is what might be termed a pure steel as it is a 
combination of iron and carbon, other elements appearing only as im- 
purities. The carbon content ranges from 50 to 150 points, that is .5% 
to 1.5%, 50 point carbon steel is hard enough when hardened for some 
cutting tools and 100 point carbon gives, when hardened the limit of 
hardness of this kind of steel, being very nearly hard enough to resist 
being scratched by a diamond. 

High speed steel is an alloy steel used for cutting tools. It is made 
up in varying quantities of tungsten, molybdenum, manganese, chromium 
carbon and vanadium. 

By use of these steels cutting speeds have increased considerably, 


sometimes as much as twice or three times that required for carbon steel 
tools. 
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QUESTIONS ON SHOP SCIENCE. 
1. What do you observe when judging a metal by its spark? 
What is it that causes a heated particle of metal to illuminate or 
ignite? 
3. What are the features of the spark from cast iron, common iron, 
low carbon steel, carbon tool steel and high speed steel? 
4, What do you understand by a polished surface? 
5. How would you proceed to obtain a good polished surface? 
6. How would you file work in the lathe to obtain a good surface? 
7. Is it advisable to file work after turning? 
8. How would you polish lathework ? 
9. What is a “helix”? 
10. Why is the root of a thread inclined more than the top of a 
thread ? j 
11. Describe a right hand thread and a left hand thread. 
12. Sketch the form of a U.S.S. thread. 
13. Why is the section of an internal thread inclined opposite to an 
outside thread to which it fits? 
14. Sketch and describe the use of a round head rivet, a countersunk 
rivet, a bolt, a capscrew, a stud bolt, a set screw, a taper pin and 
a gib key. 
15. How is a forge fire built, 
16. What are tuyeres? Why are they necessary ? 
17. What is “green coal’ ? 
18. How can coke be made in a forge fire? 
19. What do you understand by a dirty fire and an oxidising fire? 
20. What is the effect of a deep fire as compared with a shallow fire? 
21. What do you understand by the “Hardening heat” of a piece of 
steel? 
22. How would you find the hardening heat when heating steel ? 
23. What is the effect of “overheating” steel? 
24. How can you tell when steel is hardened ? 
25. What can you observe by fracturing steel after hardening? 
26. Why is it necessary to temper steel after hardening? 


27. 
28. 
29. 
30. 
3l. 
32. 
33. 
34. 
35. 
36. 


38. 
39. 
40. 
41. 


42. 
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What do you understand by the “colour scale” ? 
How can you harden and temper in one heat? 

How should work be quenched to harden? 

What is annealing? 

How are parts annealed satisfactory in quantities? 
How would you anneal one piece of work ? 

What materials may be used in annealing? 

What do you understand by “quick annealing” ? 
What is casehardening ? 

What metals are usually casehardened. 

What kind of work needs casehardening ? 

What materials may be used for casehardening? 
How would you ecaseharden a quantity of articles efficiently, 
How would you caseharden one article quickly ? 
How would you obtain colours by casehardening ? 


What simple tests can you apply in a shop to distinguish one metal 
from another, 


Name some of the simple properties of Aluminum, Brass, Copper, 
Bronze, Cast iron, Wrought iron, Machine steel, Carbon steels 
(High and low), High speed steel. 
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GLOSSARY OF TERMS 


Abrasive. A substance used for abrading, as for grinding, polishing, 
ete. The principal abrasives now used are emery, tripoli, pumice, rouge, 
which are natural abrasives, and silicon carbide and aluminum oxide, 
which are artificial abrasives sold under various trade names such as 
Crystalon and Alundum, as sold by The Norton Company. 


Alignment. Laying out, or regulating to a line. “Setting the lathe 
in alignment” means, that work rotating between centres will be parallel 


when cut by tool, which is controlled by carriage movement. 


Backlash. A slackness of movement between machine parts such as 
the slackness in the fitting of a serew and nut. 


Blast. Air under pressure. 
(Burr. A A thin, ragged edge of metal. 


“Chip 7 cpa is the pressure exerted on a cutting tool as the chip is 
removed from the material being cut. 


Ferrous metals are metals containing Ferrite or Iron. 


Finishing machining to exact size with a fine cut and producing a 
smooth finish on the work. 


Fillet. A rounding of the corner of metal, noticeable in cast metals, 
to give strength. 


Lead is equal to “pitch” in a single thread, but twice the “pitch” in 
a double thread. It is the amount of progression or movement of a nut 
along a screw in one revolution. 


Malleable. A malleable metal is a metal that is not brittle but can 
be bent slightly without breaking. 


Mandrel or arbor. <A tapered piece of round steel used for mounting 
and driving work. 


erg es VU" Mesh. Putting gears in “mesh” means, cnpages the teeth so that 


V 


they will drive. 


Parallel. A block of metal with parallel sides used for setting up 
work above a surface but parallel with it. 


Periphery is the distance around a cylinder or the circumference of 
a circle. 


Pinion. A small gear. 


Pilot hole. A small hole drilled previous to drilling a larger hole.. 
It allows a free passage for the web or centre of the drill. 


Pitch of thread is the distance on a screw from one thread to the next. 
thread. Expressed pitch 14” — 8 threads per inch. 
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100-point carbon steel defines the carbon content or quality of the 
steel. 100-point equals one per cent. carbon. 


Roughing. An operation which removes the rough irregularities of 
metal and leaves it almost to size. 


Scale or oxide is rapidly produced when metal is heated and exposed 
to the air. Iron Oxide is a combination of Iron and the Oxygen from 
the air. : 


C4 Lalvey rue , 
Serrated. A saw-like condition, or a series of scratches or grooves. 


Snagging. Rough grinding to remove the hard skin or irregularities 
on Cast Iron. 


Spotting. Making a small cone-like recess central with the rotating 
work to assist a drill in finding the correct location for drilling. 


Tangent. <A straight line which touches a circle but does not cut it. 


158 MACHINE SHOP PRACTICE 
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GRINDING WHEEL- GRADE SELECTION TABLE.- 
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a YS WZASY 5 
:O46875. 
0625. 
078/25. 
-O9375. 
[O93 75. 
Sf Mex 
-/40625. 
OOo. 
ATIBT7S. 
ABTS: 
-2LOBIRS. 


(BeBl25. 
-34A3 75. 
- 359375. 
oe Ly oD 
-390625. 
20625, 
421875. 
‘A375. 
AS SIZS, 
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53125. 
ITABBT7S. 
-9625. 
S7BIZS. 
SIS. 
-©09375. 
"O25. 
640625. 
-65625, 
O7IB7S5. 
6875. 
VJOSIZ Ss 
FISTS: 
-73h37S5. 
750! 
. 765625. 
. 78125. 
- 7IEBT7S. 
2S feat 
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84:3 75. 
-| 859375. 
ova, 
-890625. 
-90625. |} 
921875. | 
.9375, “| 
953125. 
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Uy Z ae A , 
CET (US) 
ie SS DIRAMULA a (Form) 
P age Nero = 6 per inc d depth - pitch x6495 or S498 
n-No of threads per aenn P-flat = pilch a 





























free: | equ | Thao. Rot Toga ot [Bell Sea to eke 
Size | Outside per Pitch Dian ieee ¥, depth of Thread 
Diam | Ynen_| Diam | Dah] EBS 
E250 | 28 | 2er| goal o2ai | 219 [Nee | 
: 
375 \-24 | 348 | 521 [0270] 3321 a | 
[500 | po [468495] 0325] 459 | Bn | 
x [s6z5| 18 | sz6 
i 2 G87ol ler 2647) .6068|. 0406, 625s sin | 
Pe BT | 1G |,.2839 |: 80310361] 828 | Bin 
=, five ig | 984] 307 oneal “2575| “in 
niz5 | 12 [Tor [7.017 [054i] 1-0496| Tan | 
re thes | 2 [96 [1420541719 | tem 
Ci [375-| 12 [1-321 [267] _osai[ 1 .pa69) em 
Liz i500 | 12 [1.446/1.392] 0541] 


Note- A common nut, drilled out sotkatitonly contains 50% of a | 
Full depth thread will break tre bolt before if will strip. A75% depth of 
thread yields an ample margin of safety(2 fo!) and is economical in f 
lapping. A full depth of thread ina common nut is about 5% stronger 


than a 15% thread; yet ifrequires three fimesthe power to tap. 
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SHOP MATHEMATICS. SOUWARE ave CIACLE 
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® P mee (Pie @ 
pproxiund. ea d 
S5Qvuare Wi te SQvuare 
with. mekhod.. with 
Pound. Sharp 
Corners Corners 
Sa senat eee (ee ee 
ab -% dia of © cd = + dia. of O 


GIVEN Dia. of Stock. 
LID Size of 8qvare 
5.0 = HYP xX SINE 
Ey ash > plead GI E of AS” 
SO eal) Bim ee rene 
S-O= /'4/42 
RULE —Si/ze of Sqvare= DIA. X ‘7O7!/ 








GiVEN CINE of SQUARE 





@ PIND iat af Round. Skock. 
SO. 
HyP = SINE. 
wepo.e e 
fe “FOF 
Hyp = 2'382 


—_ _sze of Square 
PECOV OI OS Dia. of Round. Stock = "FO" 
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CUTTING SPSEE0IS — 
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— KYLLING — 


SorTr GRay IRON. 

CAST IRON. 

CAST STEEL. 

WROUGHT IRON. 

MIALLEABLE IRON. 

MACHINE STEEL. 

CHROME. NICKEL STEEL. 45 
AINNEALED TOOL STEEL. 30-35 


ONANNEALED Too. STEEL... 20- 


SorT BRaASss. 125 
HARD BRéISS and COPPER. 90-100 
BRONZE 

ALUMINUM. 
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ATERIVOE™CAKO! cis.<0 0005 «ire acitromsce 112, 113 
Abrasive cloth ......... Reeser ee bie 
Adjusting calipers ©... << siecle ces «as olcle 5 
Alignment of lathe centres Alcho chonctanaionc 72, 73 
Aluminum, properties of .......... 152, 153 
Angles, Grinding, of lathe tO0N cae Ol 21d 
Angles, laying out .....114, 1125, 116, 117 
Ample of cold, Chisel \...0%-%» oa.«- + Aen de Oe ala 
Angle plate on drill press .......... 38, 39 
Angular milling cutters ......... ...98, 99 
Annealing ...... itches cnayevatehe tevetes wee oOn Low 
BAU ON MLE LNG mepieiettte cs aiaaCers) «ence det states 44, 45 
Apron, swivel of shaper .......... -.-92, 93 
Arbor, milling machine .......-5... 8, 99 
Arbor or mandrel ....:... 98, 99, 112, 113 
Arbor, fitted to drill chuck ........ Raa. 33 
Automatic cross feed on lathe .......... 44 
Automatic long feed on lathe ........... 44 
Sack gears. of lathe .......... 12, 44,45 
Back gear speeds, calculation of....124, 125 
BSHCRSB MSHS | rie terctere s arelet clo tes > sheususnaiete = aie 74 
Backing out nut—on milling machine 

PE DOD ieee aie suete Sie eyt ee iain banietece 98, 99 
Bastard file \/os.i6. 0% Pisuasln tone eye S1Slacaie etek, 
SOA TIN Sy DOU ZO aes alcsicl ata, Sestersiisiin ia eters) 6) 3h 44 
Bearing, lathe ......6..0..cesseeneoes 44 
Bearing, end bearing for milling 

RIRG CHE TG Peers Ave ne eka wicked outieis) v1 aise, wishes 98, 99 
Bearing, arm eae. for milling 

machine .... Seayaili ern ere a, .98, 99 
Bell, centre punch CHOC od ION S65 aoe OOo 
Belts, OPO: Grivel suisse. clas 124, “135, 129 
IDOLS  SCRORS  CTEVO s1si0 «1 nioneistiane ele)aiie! ous of eis 125 
Belts, calculating length of ........:. 129 
Bending metal, methods ............ 18, 19 
ASG OP) TORSO. 8 5/6 4 sic o iateis so ishala sieye 144, 145 
BROS OLIS HITS aist sretsrpinesilel sieve" elas tenets ts 112, 113 
Bolt as form of fastening ...-.... 142, 143 
IEVOLUS Ma AUURU uel eve criein alpine sueitnione ~.-142, 148 
Bolts for holding down SWOT Krvitg bir aenane 38, 39 
Bond for grinding wheels ........ 108, 109 
Orin eS DPAh, canis ie ateraienaieis © eta sliera aie -.46, 47 
Borne im drill press! wis «ls <> 6)e «16 Sends 41 
Bottom of thread fers « oisciaioctete so ova 140, 141 
Brass, tuning tools fics c..is-ctes ose 6 .-68, 69 
PSLASH AMULET OS & cicleyie elaysielelaieusites bile anaae > 68, 69 
Brass, DLOPStics OL 5 5.0 see ae wt ave 152, 153 
Bronze bearings ...... neha ede heheaie is ued ate 44 
Bronze, properties Of i250 2.6. . 3s 152, 153 
Brown and Sharpe tapers ........... 98, 99 
Bei iihih ah Moe ine olvanih ta aoe ONS ONDE nee Tos as 
Bull- avid leather “wheels SF iomnlotees 2 ens 
Bushing drill ........ 0 HE SNe Bh Cs Shear) 
Calculations, area of circle ....... 121, 123 
Calculations, area of rectangle 121, 123 
Calculations, back gear speeds 125, 126 


Calculations, compound pulley drive .... 
Calculations, cutting speeds ......118, 119 
Calculations, diameter of pulleys ........ 129 
Calculations, length of belt ...........: 129 
Calculations, speed of pulleys ..... 
Calculations, taper turning ........130, 
Calculations, volume of cylinder....... 123 
Calculations, volume of square arate a 
Calipers, Adjust i 2e yor «eed, 55 
Calipers, Hermaphrodite. oie 154, 55, 58, 59 
Calipers, Inside Rive ler she ai bye oee ale .8, 9, 54, 55 


Page 

Calipers, Outside ..........+.- 8, 9, 54, 55 
Calipers, Spring’ 3. < 208. 3 - cidiewowice: 54, 55 
Calipers, “tratster = 5. cules ces calewere 54, 55 
Cam-type—toolholder .............. 46, 47 
Canvas wheels, for polishing ...... 112, 113 
CAP MS CLOWSlae Matetarccsisca enone becca ale ..142, 1438 
Carbon tool steel ........ We he weed See ee 
Carbon tool steel, turning ....... rae i ear 6 
Cardboard; uwséof 2... oe. se oe 91, 100, 101 
Carriave of lathes wices.c ccnp are ee cece 44, 45 
Case hardening’ 3.2... anenenctonel suche 150, 152 
Cast Tron milling’ % ¢ assem ssccn ese 100, 101 
Cast Iron pianing ..... Aereitirh ee Dracaena 
Cast Iron, properties of .......... 152, 153 
Cast Iron, skin of, milling ........ 100, 101 
OASTULT OM, me MULE eel eyes enaees cist P 5 OF 
Centre’ Chisel 98 vac cae eae care de Poe nek: 
Centre, ead .s. Fes: sica seuss eles eet «6 45, 60 
Centre, holes in stock for lathe ....60, 61 
Centre, livers stcten te eiermeete es «+, -45, 60 
Centre; punch 0 2.0.3 h oe AA tidew he hear b 
Centres, distance between ............ 45 
@entres; lathe: 2. 0.5 var. cits © eens 45, 60, 61 
Centres, mounting work on ......... 60, 61 
Centra w squares 's 2.5 csietew ae ae ete ine 58, 59 
Centreing work by hand ............ 58, 59 
Centreing work for lathe ........+.. 58, 59 
Chalk, to mark work with ....... 6, G7, 75 
CHATGOPy LOO Feces ae ee cela siieeterhe  ieremeree 50; 52 
Chattered) Work o72%, etm, scecsalsueiavele svete s 50, 51 
Chippressure) 2.50 eens: clenereve le eieteus 50, 51 
Chipping with’ chisel! =hdon cancels LORCA 
Qhiselsicold or lat: civa «cts eo ele abetanetens 10, 11 
Chisels, tutting angle of Soci. ene ayeneperk Ven aed 
Chisels, diamond point ........... aittue aye 32 
Chisels, round nose or centre .......... 32 
Chisels, MSG GE? a amis ksictetene ates im bare ty, hake 
Chick dru ssi s aaa ee Srarelarerete ea eouoo 
Chuck; ‘Independent 75 2%.. cr «cts aces 2. 63 
Chuck, Jacobs devil Misic cuitastcapale oust 32, 33 
Chuck, Vathen cso. Vicks ote tiene eres preiieD2g ie 
Qhiumeke SOLUS Nectar ala ety la.0 ts «ened entire bore a 52 
Chuck, ‘standard. drill) .4.c2%,.0.5 needa) oo 
Chirck, -waiversal? vo4 + sie wie co, eee ; 52), 58 
Chucks and face plates ............ 52; 53 
Clamping work on drill press..... 38, 39, 40 
Clheaming Ble Cae oie eras) a: sususus ensue cence: ove 145 25 
Clearance on lathe tools .......... 110, 111 
Clinker; in’ forge fire. ....5.0-g0+ 2 144, 145 
Clutch, forward, of lathe counter- 

SI BEG aye) oar cr elapeneneyeRewds le ear sauce te ale Saige ated 45 
Clutch, lathe countershaft ......2.0..2.. 45 
Clutch, reverse, of lathe countershaft....45 
Coal, blacksmith’ 8, soft or bituminous. 1144 
Coke, How to make: a. 0 stawdasc aioe Netrs 144 
Cold chisel, hardening and 

tempering PERG SEN cup epee e ete eenee eS 148, 149 
Ooldi rolled ‘steele Js% 52cm too ehtvs, 419.8 locate 53 
Collar, for milling machine ‘arbor MOP ee. 5 98 
Collet, ‘die 7. ....'. ara aietese S 4 OOO) 20, 21 
Coarse filo ...... Aichi cipioteicrekcn ohepeere tse cin ir-4 
Color, scale for temperatures in 

tempering BPs apeishatsveas in thrae 3, oie 148, 149 
Combination. (drill) .% 05. co... snes ..59, 66 
Compound cutting 2.06.52. .dbes Prarie A 161 
Compound slide rest, position of .....48, 49 
Compound slide rest, setting ...... sal 0, TL 
Compound slide rest, use of ...... evel On TL 
Cons Speed. 2.< .is/san saan ueeee aeks die ae ee 125 
Copyer, properties: Ofta.4 2s)... 6. 152, 153 
Copper; sulphate Use of am cence eee e ‘ 


169 


170 


INDEX—Continued 








Page 

Cotton wheels ....... eho ies aierei@uere te 112, 113 
Counter boring ....-+2-sseercerreceres 41 
Countershaft ........+--- At co.cunto 44, 45 
Countersink, drilling ......0-+.seeeees 41 
Cut, depth of ....- eee e cece eee re eee 119 
Cutters, angular ara nee Liataraucusistep ener 98, 99 
} rs, method o olding 
Sige cueetiet Shak roan A 8, 99, 104, 105 
Cutters, milling, types of .........- 98, 
Cutters, plain milling .............. 98, 99 
Cutters, right and left hand ........ 98, 99 
Cutting compound or lubricant ........ pO 
Cutting off on milling machine ....102, 103 
Cutting off or paring, tool ©.......... 46, 47 
Cutting speeds =... <i so es sewn, VLU S 15s 
Cutting teeth on file 2. cc cececsae eke, 13 
Dead centre of lathe ....44, 45, 60, 61, 75 
Decimal equivalents, table of ........... 163 
Gta OF Clb ens ciel tunic rele = ersce siells) asus 119, 158 
Development of micrometer screw....76, 77 
Diaconall (SCAIG) se save oleic oe obsess) Sielis is) TOs he 
Diameters to turn blank to mill square. .166 
Piamond pont tOOls — 5 sss 56 6 oe sheds a ele , 63 
Die and punch; simple ...0...6.... 18, 19 
DIOS USO VOL ahs sieve se telsrerebnonenat ea ged 20, 21 
Direction of rotation of cutter 

when milling. ¢.:. ns scene 98, 99; 100, LOL 
Dise grinding wheel i 2. 5s. - oss 112, 113 
DOS MATHS letaaitiers a etese eis as. wie) af enareranels 62, 63 
Double cut file ..... Ac Sani ater se oS 12°23 
Down feed on shaper ..............- 92, 93 
Draw in bolt for milling machine 

OT DOT sate aletas eretasbateots ais alslacsae meat eI OOD 
Draw iniiehacksr i -nieurdcoes; iste tee ots 52, 53 
DAW SHUN, Nace lot end ereistat oisreiers wivedy Miciakas cies I 
Drift Key ss LOM AMS: 5,276 or esas ener see 34, 35 
Del ehaw eK S) sreyers) epaite 20s) okies snege eters ia 32, 33 
Drill parts) Of a stay wsls aise cece en a 36, 37 
DUT plo Ga WOlS swe ch wien seetissraaiccta 34, 35 
(DTT PEGS Swans storletene sherthe xis. See eoecus ee 30, 31 
Drill Lity pes. Of cess) es aiervtelels tee 32, 34, 35 
Drill peessnOpeLaglons “erressyciate sis cheleeanele 41 
DTT SHAME ees ecchto cleus sate Geena hare 36, 37 
DU RIOOVES 2 bac cl sicuei oo end eiete Seite tee) oa 0a 34, 35 
AD INAS OCIS US owner coos ice a sch sue ne’ sy c)ttale even 84, 35 
DUIS MS Weed: iOLiea es misrace tol etoe eke oleate 160 
Drill, spindle, detail of hole in...... 36, 87 
Drill phan nds" Ow vol. ran. tees ele vis ole 34, 35 
VNTR EAA ok cte cio penal oS cushensveco sumer 36, 37 
DT Spee SIZES MOLE I hersts Mts sum bs cra eee avdueco seca 32 
Drills) straight fiuted, «hos, oh ses 36, 37 
Drilis,;wtap drill sizes’ !.:.... 32, 33, 84, 35 
IDPS TOWISE i eetersccie-crta ie Aaron 34, 35; 86; 8% 
MOTI DL ASS CFI elets obi ecsctbecre te erate. 68, 69 
Drilling, holding down work ........ 38, 39 
OTUUA ER ATES. lone tiene iatele fea eects 38, 39, 40 
Drilling in” Wathor se attece sacs coe 58, 66, 67 
Drilling, laying out holes for ....... 32, 33 
Drillingy plate or flange 1.45... oo 38, 389 
Drilling eound shaft sac tattoos te oe 38, 39 
Druline thick: metaless om. ds.6 o2.. cee 34, 35 
Drilling thinimetal kas ce. es ceye 2yo8 


Driving lathe work 
48, 49, 52, 58, 62, 63, 66, 67 


Eccentricity of live centre ..... prmemoreyPe ies 
HIMORVECAKE Saw ci aleh ss ahesedte use 112, 113 
HOIMOTV ME GLOLM Mim cate ickeletare ae oat ae Lio Aas 
AUG ATI Ae gray tags Ga were Cie 98, 99, 104, 105 
Hnpinewlathelxun css sass Mare. oes eee 44, 45 
Expansion, of mietials Wu... os. os sac 60, 61 
Waee WOLsChtseleg sation sink oh @ «eke S LO; ee 
Hace“ platemmcrtattes sae rake sci c oor 52, 53 
Matin euw ork cme palo cndats £ oleate nae 66, 67 
Farmer drill or straight fluted drill...36, 37 
Fastening metals together ........ 142, 143 
Facet, or face of chisel ............ LO; 21. 
EGO cach ache a. ob soa aes de 119 
Reeds tor sdrill press! oem aere eee ae 30, 31 
Reed “for ‘lathe: 5:2 ss. 04s er ee ees 44 
Feed mechanism for shaper .......... 88, 89 


ae 
Feed for milling machine ....... metas Os 
Felt covered polishing wheels...... 112, 113 
Wiles, BOCUOMS/ pve > sreleis cores cleleeve le tarelals 12, 13 
File’ card of—-brush. .s.s4 3 seis water reas 14, ES 
File cleaning .......-.-< Sia yeaa aa 14, 15 
Pile fitting? Wander tie, cies rues keke or cee rene s. 
Files, selection Of ~....s\e-«++s066 Shenson 
Biles, safe 60 @0> o's cis < «nae susieteiehere) ~22, 18 
Files, parts of ...... eulaneal ee Bi etatenena atm 12, 13 
Hiles’ ‘Geetin icin dee =) tae steele Laat 12, 13 
Files, cutting teeth ..... Siesens enacts 12, 13 
Wiles, pinning 6% < o.si0.< suskckerbeel since Ae LO 
Riline Vathe wOPk s.cfeyess sere ots sialeieeta 138, 139 
Filing, method of ....... xi eae 138, 139 
Biling amd) polishing «<<. s\+\ss esl 138, 139 
Finding the centre of stock ........58, 59 
Pinishim es “ents on Jath@ fac sen)s)cierasce 
pfaichstsiaiels col xtseerere 62, 63, 64, 65, 66,° 67 

Finishing cuts on shaper ............ 2, 93 
Wa VcHisell® Xe. sce. svecnsienste eteke sto eisa tetera LO; 22 
Ht Ey gs bt | Ma eat bry eC ones he vecae 36, 37 
Elote? of “drill “02. neees seni ge cas «. 236, 37 
Friction on lathe centres .......... 60, 61 
Footstock of tailstock of engine 

LADHGi Mn. ee cca aie eoreareerciane 4, 45, 74, 75 
Footstock for index head milling 

PHACOIRNG "sss <lais,s cunts raga eae wel -104, 105 
Forge fire, how to build .......... 144, 145. 
Front clearance on lathe tools..... ZIG, Ad 
Gauge: suriace: fio. sae same te ace eke 58, 59 
Gauge; TADOT! wuie sastacs ge stersterete s Sere emesis 74 
Gas torch: for heating —*-.ncnvecsensisca a ee 2) ore 147 
Goats. DECK “accel otskae 4 ote asus 44, 45 
Gearing on lathe (change gears)....44, 45 
Geared shaper ja sits bienteles ie arma are 86 
Gib, gkey” saa. eh Ea Oe 142, 143 
GOSSATY. W's srk hile mcalhatielis,oSpeperane a reer 156, 157 
Goose neck or spring tool....46, 47, 50, 51 
Graduation on cross feed screw ...... 74. 75 
Grade of grinding wheels ....108, 109, 162 
Grain, abrasive ..... 2eetOS, LOSS 21S) 11s 
Grain, abrasive screen ............ 108, 109 
Grain of grinding wheels ........ 108, 109 
Grinding angles of lathe tools....110, 111 
Grinding angles of shaper tools ...... 

sPalefatiascanene ayers iti tare esieees 92, 98, 110, 111 

Grinding, principle of tool..50, 51, 110, 111 
Grinding wheel, dresser ......... -108, 109 
Grinding wheel, mounting ........ 108, 109 
Grinding wheel, selection of ........... 162 
Grinding wheel, shapes .......... 108, 109 
Grinding wheel, spindle .......... 108, 109 
Grindstone, mounting on spindle...108, 109 
Grindstone, section Of ... oceeo acoso. 109: 
Grooving on milling machine...... 102, 103 
FLAGk Saw, USO (OL ye. oe «etc te cleretees cael £6.17 
Halt round!’ file: JF soa fe. ae ee 12, 12% 
RMandiley le 7k. win cra cs) ces ieee paws 8: ee ir 
Mand \ Gaps: sda «esa oa alors cimeus cee - 22, 28 
Hand, wheel of Jathe: 22 4.).~. sees celine +44 
Elander ge”: Sissi: Sica Seas oie Serer eeeeee 146, 147 
Head, index, milling machine ...... 104, 105 
Head swivel, shaper .............-. sie OTe 
Headstock of dathel ine se. ae occas 44, 45 
PLOAGING VMI Eee hoe erate eines 104, 105 
Heat, (hardening <5)... a0.6 eclen 3 ee LAG Tae 
Heat itenipéering) 5...0ccotcc ese 148, 149 
Height of lathe tools ....... 48, 49, 50, 51 
Helical teeth on milling cutter...... 98, 99 
Helix, (spiral) of threads ....... -140, 141 
Hermaphrodite calipers ............ 58, 59 
High ‘speed. ‘pfeel Grills) sts. aoe eter 32 
High speed steel, properties of..... 152, 153 
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